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ABSTRACT

This thesis focuses on the implementation and use of a

multiple criteria, multiple-user Decision Support System

capable of supporting distributed strategic decision making.

An example of the use of such a distributed decision support

system for selecting warships for the Hellenic Navy

demonstrates the usefulness of the proposed group DSS.
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I. INTRODUCTION

A. DEFINITION OF THE PROBLEM

It is often observed that most of strategic problems are

analyzed, discussed, and solved by many decision makers. The

existence of multiple users have created a number of

problems. First, it is difficult to physically reunite all

decision makers in a geographic location. It is even more

problematic in finding an appropriate time for all the group

members. Second, the success of a group decision making

process relies on the skillfulness of the group leader.

Unfortunately, the quality of the group leader varies from

one negotiator to the other, and from one situation to the

other. In a military decision-making context, this problem

-. becomes even more complicated if one considers the

increasing complexity of the technological aspect of warfare

and uncertainty regarding political issues.

This research proposes a ccmputer-based group decision

support system that attempts to resolve, or at least reduce,

the problems enumerated above. It designs and implements a

microcomputer-based DSS that allows group members to

remotely and sequentially participate to collective decision

problems. In particular, the proposed DSS is an expansion of

a DSS based on multiobjective decision methods, is

implemented in a local area network using a bus architecture

arid the Carrier Sense Multiple Access with Collision

Detection (CMSA/CD) protocol. The CMSA/CD protocol is

known by its relatively good performance, simplicity of

implementation, and inherent system reliability. Such a

protocol allows control of collective information exchange

and data routing among group decision members.

The use of such a group DSS distributed in time and in

-space, is expected to eliminate the physical presence of

10
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group members and the need of scheduling meetings. More

important, the proposed distributed DSS provides a objective

and flexible framework to integrate organizational norms and

constraint into the decision situation.

B. SCOPE OF THE RESEARCH

This research does not attempt to discuss the already

large and interdisciplinary literature on group decision

making. It attempts tco expand some of the work in group

decision support systems outlined by [Ref. I to 3] Two major

expansions include the possibility for the user (i) to

directly assess his preferences in cardinal terms, and (ii)

to allow division ,:f evaluation tasks according to

irdividual expertise. In particular, this research primarily

focuses on the software design and implementation of the

networked micro-computer-based group DSS operating under a

cooperative environment. However, the modular approach

adopted for the proposed DSS would make it possible to

expand the system to more complex form of group decision

situat i:,ns found, for example, in military strategic

planning.

C. ORGANIZATION OF THE THESIS

Sect ion II Out lines basic definit ions, concepts and

architectures related to group decision making under

computer-based settings. It emphasizes the communi cat i,-rs

aspects armong group members via computerized media. Chapters

III, IV, V and VI successively discusses the characteristics

of the components of the group DSS. Two multiple criteria

decision methods are presented in III.A. Four techniques of

aggregation of preferences are defined in III.B. The multi-

window interface has been adopted for the GDSS interface

(section IV.A). Data definitions and dictionaries are

described in section V. Section VI addresses special

11
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applications of the communications mnod ulIes. Somre

% observations on the development process of the GDSS are

reviewed irn section VII. Two' examples of remote rnultiperssr

decision-making in military strategic planning are analyzed

* in section VIII. They illustrate the use of the GDSS to the

- selection problem of navy ships.
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II. A FRAMEWORK FOR IMPLEMENTING REMOTE MULTIPERSON GROUP

DECISION SUPPORT SYSTEMS

A. DEFINITIONS AND BASIC CONCEPTS

1. Definitions of qroup DSS

A collective decision-making process can be viewed

as a decision situation in which (i) there are two or more

persons, each of them characterized by his or her own

perceptions, attitudes, motivations, and personalities, (ii)

who recognize the existence of a common problem, and (iii)

attempt to reach a collective decision [Ref. 1).

Furthermore, the group can interact simultaneously (i.e.,

pooled-interdependent mode) or make individual decisions

separately and then confront and discuss the results

(i.e.,sequential-interdependent).

One can observe three broad types of group decision

making: a single decision maker acting in a collective

decision environment, non-cooperative decision making, and

cooperative decision making.

In the group decision-making situation with one

person, a particular decision maker ultimately makes the

decision and assumes responsibility for his line of action.

However, the decision can be regarded as a collective one

because of the existence of a dense network of influences

that surrounds this single decision maker. In fact, other

participants in the decision maker's organization can either

support or act against the decision. Thus, the behavior and

attitudes of other people who are indirectly involved in the

decision-making process should be analyzed.

In the non-cooperative decision situation,the

decision makers play the role of antagonists or disputants.

13



Conflict and competition are common forms of non-cooperative

decision-making. While the former represents a situation in

which disputants seek to hurt their oDponents to pursue

their own interests, the latter is characterized by the

facts that each competitor is an action candidate, and is

trying to outperform others.

In a cooperative environment, the decision makers

attempt to reach a common decision in a friendly and

trusting manner, and share the responsibility. Consensus,

negotiation, voting schemes, and even the recourse to a

third party to dissolve differences are examples of this

tvoe of group decision making.

N Also, the 1 it erat ure in decision-rakirg describes

two types of decision situations involving more than one

user: pooled interdependent and sequential interdependent.

In a pooled decision-making situation, decision makers

reunite together to form a more or less homogeneous group,
a. and attempt to resolve a collective problem simultaneously.

* Elsewhere, in a sequential interdependent situation, members

of the group can attack the collective problem at different

periods in time, looking at different decision angles.

Another classification of group problem solving

approach found in the literature is the distinction between

content-oriented and process-oriented approaches. The first

approach focuses on the content of the problem. attempting

to find an optimal or satisfactory solution given certain

social or group constraints, or objectives. By contrast, the

second approach is based on the observation that the group

goes through certain phases in the group decision-making

process, and on the belief that there could be an arranged

way to effectively deal with these phases.

When a collective decision fails, it becomes

necessary for the participants in the group problem solving

VA to start bargaining or negotiating until a consensus is

14
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found. While bargaining involves discussion within a

specific criterion or issues, negotiation includes many

criteria or issues in the discussion and search for

consensus.

2. Assumptions

Without loss of generality, the cooperative multiple

criteria group decision support system implemented in this

thesis, is a DSS that (i) contains MCDM and supporting

models in the individual Model component, and (ii) is able

to support multiple decision makers via a Group DSS to reach

a consensus in a cooperative environment.

Under certain decision circumstances, MCDM can play

a crucial role in supporting group decision-making:

(1) Due to interpersonal differences, the existence of
multiple and conflicting objectives is substantially
more dominant in group decision-making than in
single person decision-making;

(2) Subjective and qualitative assessments seem to play
a more crucial role in group than in single user

0decision-making. It has been observed that it is

relatively easy for decision makers to agree upon
problems that have objective, quantifiable and
well-defined attributes. Conversely, decision makers
tend to disagree upon attributes that require
subjective and qualitative assessments. Further-
more, in group decision-making, in addition to the
evaluation of the situational problem, decision
makers invariably attempt to evaluate and the
decision analyses of themselves and others.

(3) The simplicity of MCDM outputs makes it easier to
communicate, coordinate and aggregate individual
analyses in the group decision-making process.

(4) The process often plays a more decisive role than
the content in group problem solving. MCDM provide a
simple but structured framework for controlling the
decision-making process, i.e., assessment of
alternatives, assessment oO evaluation criteria,
selection of an appropriate algorithm for assessment
of preferences, and search for a solution or
compromise;

(5) The division of decision processes into four stages
also allows alternate utilization of both objective
optimization and subjective evaluation.

15
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(6) The iterative use of the MCDM processes would permit
integration of predecision and postdecision phases
in the habitual decision phase.

Specifically, the Co-oP DSS discussed in this

situation:

(1) There are multiple users or decision makers. They
may share an equal weight or have an unequal or
'hierarchically' distributed weight corresponding to
a particular decision-making context.

(2) The group shares a common set of feasible decision
alternatives. From this set of alternatives, the
decision makers can either select one or more
alternatives, or rank them according to a given set
of criteria.

(3) Each decision maker may have personal objectives
*' ' that reflect a priori values and as piration levels.

Objectives are concretely expressed by criteria or
attributes that are discrete, and at least ordinally
measurable. Due to personal differences, individual
decision outcomes--as opposed to acollective

=decision outcome that the group is trying to reach
an agreement on--often differ from one decision
maker to the other.

(4) The decision makers can be geographically dispersed
and not required to log into the system at the same
time. Via a distributed computer network system,
they can communicate to others either sequentially
or in an on-line mode.

(5) The decision makers interact in a cooperative manner
, and in a trusting environment. The system does not

handle attempts to cheat or to seek coalition within
sub-groups.

'. (6) The decision makers can either work closely together
by forming a homogeneous group that uses a single
decision support system, or work independently and
then proceed to a multilateral assessment of the
problem.

(7) The decision makers can segment a group decision
problem into (hierarchically) sequential single user
decision problems according to individual expertise
and responsibility.

16
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3. Communications Issues in Distributed Decision Making

In the context of a distributed group decision

making, the demands for information exchange are marked by

certain characteristics that should be considered in the

design of communications capabilities. These characteristics

could be best expressed by the requirements of having

information exchanges that are (i) format-transparent, (ii)

either constrained or unconstrained, and (iii) evolving

throughout the decision phases.

a. Need for Format-Transparent Information Exchange

The demand for and/or generation of information

among decision makers can take a variety of formats, ranging

from unstructured and written notes to structured and

numerical tables [Ref. 4 3. The most complex form of traffic

is the situation in which decision makers simultaneously

require information exchanges on different subjects from

different members using complicated combinations of

input/output formats. It would then be necessary to

identify, classify and convert information characterized by

various individual formats into standard message formats,

including the creation and maintenance of information

related to group problem solving techniques, such as aggre-

gation of preferences which requires some standardized

inputs from individual results.

• b. Limited versus Free Information Exchange

In some group decision situations, it is

conceivable that all shared information is 'public' in that

every member of the decision group has the right to access

any information that is sent by one member of the group to

another, whereas in some other decision situations,

*1 individual-to-individual or private message transfers are

authorized [Ref. 5 3. Thus, the creation, (statistical)

maintenance and storage of message routing activities

remains crucial in enforcing group norms concerning the type

17
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of information sharing (e.g., consensually predefined by the

group prior to the group decision-making process, or moni-

tored by the mediator.

c. Evolving Pattern of Communicaticon Requirements

. The requirements for information sharing evolves

through various phases of the group decision-making process.

For example, [Ref. 6 3 argues that a group problem solving

phase that emphasizes search and innovation requires more

spontaneity, and therefore an open communications pattern;

whereas, bargaining activities that induce a preference for

deliberate control of information exchange would be

facilitated by using individual-to-individual conmunication

channels.

Furthermore, empirical studies have shown that,

under certain circumstances, comrnmunicat ion channels can

escalate conflict ERef. 7 3. While encouraging information

exchange between group members is often recognized as an

effective strategy to resolve individual differences,

eliminating communication channels has shown its effective-

ness in preventing deterioration of relationships. While the

decision to encourage or discourage communication between

decision makers depends on a number of unpredictable

situation-dependent factors, the GDSS communications compo-

rent should be designed in such a way that it can

40acco:immodate various communications needs and changes during

the group decision-making process. In other words, the

pattern of corimunicat ions protocols should vary according to

the dynamics of the group decision-making process.

4. The Role of the Communications Component

One of the roles of the communicat ions component

that emerges from the literature is that it makes it easier

for each member of the group to electronically communicate

without having to be concerned about detailed and

complicated protocol procedures. This issue of user

18
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transparency is particularly crucial given the diversity,

and consequently the complexity, of the communication

requirements and facilities.

However, the effort to obtain ease of communicatiorn

access is not unique to the design of group DSS. Rather, it

has always been one of the most important objectives of

computer networks design. Yet, one can identify at least

three roles that are specific to a communications system in

group problem solving. At different phases of the

distributed decision process, the communications system can

play the role of a coordinator, a detective, or an inventor.

a. The Coordinator Role

Most problem solving activity begins with

situation analysis and problem definition. Situation

analysis is characterized by a (common) recognition that

there exists an urgent and important problem to be solved.

Once identified in the situation analysis, a problem is

transformed in the problem definition phase in such a way

that solutions can be generated, analyzed and selected.

"Ref. 8 3 and [Ref. 9 3 emphasize that the success of

information gathering and problem definition relies on the

ability of the group to eliminate mistrust and threat that

could cause group participants to withhold or distort

information. Walton ERef. 6 3 suggests that by installing a

communication medium that follows some norms of fairness

(e.g., equality of participation, preserving autonomy),

information exchange can be more abundant and accurate. The

communication component should thus coordinate various

protocols to engender participants' confidence. Such proto-

cols could include the ones that (i) assure each member can

successively broadcast his/her ideas given a equal amount of

time, or (ii) support teleconferencing to synchronize

arguments.

*'19
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b. The Detective Role:

A decision maker's analysis could be distorted

by (i) the individual's attempt to 'spy' on others

activities, or (ii) the influence of some members who try to

take over an individual's responsibility. The communications

component should then play the role of detective to prevent

unwanted data exchange or temporarily disable all links, or

prevent malicious modification of public data. Concurrently,

decision makers tend to delay sending their individual

results. The communications component should press its users

to submit opinions before a given due date.

From a general perspective, the detective role

consists of enforcing communications protocols previously

defined to drive the collective decision-making process.

c. The Inventor Role:

The inventor role is an extension of the

coordinator role. Given the complex nature of a collective

decision problem and the diverse and unpredictable decision

approaches adopted by the participants, the communications

component should be able to detect incompatible information

exchange, and, if possible, propose alternate formats. The

inventor role implies (i) potential for tolerance to

uncertainty in requests and needs for data transfers, and

(ii) continued search for communications operations that

facilitate information exchange [Ref. 10 3. Thus protocols

for distributed GDSS should be able to analyze, evaluate and

determine the content of transmissible information, rather

than simply perform a transport task.

The functions of the communications component

are at least twofold. First, it monitors a broad spectrum of

data transports during a group problem solving process. This

transport function ranges from information exchange to

information hiding, from selective and personalized routing

to collective diffusion of data from public to private

20



information. Second, it coordinates various communications

activities (i.e., initialization, operation during consensus

search, negotiation and mediation) by making it transparent

to the members of the decision group.

B. AN ARCHITECTURE FOR GROUP DSS

Co-oP is a network of microcomputer-based process-driven

DSS for cooperative multiple criteria group decision making

(Figure 1). Each participant of the group decision making

process has his own individual DSS whose model base is based

on multiple criteria decision methods (MCDM) and other

personal decision support tools. The group DSS contains a

set of aggregation of preferences techniques and consensus

seeking algorithms that can be used in conjunction with

individual MCDM.

The individual DSS are linked together by a microcompu-

ter local area network. The latter support both locally and

remotely (via modem) linked individual workstations.
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MAIN MENJ

I. ULTIPLE CRITERIA GROUP PROBLEM DEFINITION

2. GROIP NOM DEFINITION

3. PRIORITIZATION OF EVALUATION CRITERIA

4. ItIIDLA EVALUA~TION OF ALTERNATIVES

5. DIRECT INPUT OF THE DATA

6. CMWTATION OF 6ROP DECISION

7. IDENTIFICATION OF ENEOTIA LE ALTRNATIVES

9. Enter a number

MAIN MNUJ
-' For HELP enter (ALT) R/ (ESC) to quit Help

... J

,. Figure 1. The Main Menu
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III. THE MODEL COMPONENT

61 The Model Component of a DSS is expected to support the

user perform the following problem-solving activities:

projection, deduction, analysis, creation of alternatives,

comparison of alternatives, optimization and simulation

[Ref. 11 3. The literature in DSS often identifies three

modules in a DSS model component: the model base, the model

base management, and the interface unit. This chapter

describes the three components of the group DSS.

r A. THE MODEL BASE

The Model Base of a DSS consists of a library of

decision models that help the group members perform

individual and group analyses.

1. The Model Base for Individual Decision Making

In addition of the possibility for the user to

directly enter his preferences/assessments to the system and

if needed, share them to other group members, the purpose of

the Co-oP MCDM model base is to provide the decision makers

'C.i with a set of decision models that can solve the most common

.Z types of decision problems. Co-oP contains two models that

V. (i) cover three basic decision situations, i.e., selectin,

"-- ranking, sorting, (ii) are not excessively difficult to use

for the decision makers, and (iii) could interact with

techniques of aggregation of preferences. The MCDM methods

implemented in each of the individual DSS are the Analytic

Hierarchy Process (AHP) [Ref. 12 ], and ELECTRE [Ref.13 I

ELECTRE and AHP have been selected for two reasons:

I (1) rhe two MCDM are conceptually robust, and prac-
tically easy to learn and use. They have proven

their usefulness in aiding a number of ill-defined
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decision situations (for example, [Ref. 14 ] and
[Ref. 15 )

(2) Neither ELECTRE nor AHP require full informration on
the decision maker's preferences and assessment of
alternatives, and hence, give more autonomy and
control to the decision maker [Ref. 16 3. This
feature makes it easier to expand the algorithm to

resolve group decision making.

This section briefly outlines basic concepts of the

ELECTRE and AHP methods.

a. The ELECTRE Method: Basic Concepts

There are a number of reasons that make it

difficult for a decision maker to exhaustively compare all

known alternatives. First, the decision maker often cannot

compare some alternatives, due to uncertainty associated

.- with the measurements and evaluation. Second, the decision

maker may be unwilling to compare two alternatives because

they are incomparable; e.g., option A is better than option

B by some criteria, whereas B is better than A by some other

criteria. The notion of indifference in utility theory does

riot reflect this incomparability [Ref. 17 3. Last but riot

least, the ill-structuredness and occasional inconsistency

of the decision maker's preferences are serious obstacles to

enforcing the complete comparability of alternatives (see

ERef. 12 3 ).

The concept of outrankir ig relations seeks to

compare decision alternatives only when the decision maker's

preferences are well defined. In other words, at outranks ab

when the information obtained from the decision maker's

preferences safely justifies the proposition that a' is at

least as good as aJ.

The outranking relation can be explained by two

further concepts: the presence of concordance (i.e., for a

sufficiently important subset of evaluation criteria, A is

at least weakly preferred to B) ; and the absence of

discordance (i.e., among the criteria for which B is

. -24
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preferred to A, there is no significant discordant

preference that would strongly oppose any form of preference

of A over B).

These indexes are used in conjunction with

concordance and discordance 'thresholds' chosen arbitrarily

by the decision maker in the interval [0, 1]. The concordance

threshold, p, is more severe as it approaches 1; the discor-

• " dance threshold, q, is more severe as it approaches 0. Then,

the outranking relations can be summarized as follows:

IF THEN

CA/B )= p and D./B <= q A outranks B

Kr. A outrarks B, and B outranks A The alternatives are
equivalent

Otherwise The alternatives are

incomparable

The decision maker can start with a less severe

set of threshold values, and then sharpen them to reduce the

number of outranking relations.

b. The Analytic Hierarchy Process: Basic Concepts

The Analytic Hierarchy Process (AHP) is a MCDM

method that attempts to support complex decision problems by

successively decomposing and synthesizing various elements

of a decision situation [Ref. 12 ]. Like ELECTRE, AHP

permits subjective and qualitative pairwise comparison of

alternatives. Unlike ELECTRE whose concept is based on the

notion of ron-dominated alternatives, AHP has its foundation

on the concept of priority. The latter can be defined as a

'level of strengths' of one alternative relative to another.

Departing from a predefined priority scale, the decision

maker is asked to build a positive reciprocal matrix of
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pairwise comparison. A vector of priority can be derived by

computing the eigenvector of the reciprocal matrix. The

property of the eigenvector resides in the fact that it is a

consistency indicator. Consistency is obtained when pairwise

comparisons are transitively and proportionally consistent.

Additional algorithms are added to help measure

the decision maker's consistency. These algorithms contrast

the user's evaluation scores with (i) a randomly simulated

score that represents the most irrational evaluation, and

(ii) the eigenvalue that represents the most accurate

consistency. The examination of the consistency values

enables the user to eventually revise initial judgments,

arid, if appropriate, rmod i fy them to improve overall

consist ency.

2. The Model Base for Group Decision Making

Four techniques of aggregation of preferences are

implemented in the GDSS. They are chosen because of their

popularity. These include the additive function, the multi-

plicative function, the sums-of-the-ranks approach, and the

sums-of-the-outranking- relations approach.

In conjunction with the techniques of aggregation of

preferences, the weighed majority rule is also implemented

to account for the distribution of decision power among

decision makers. This rule allows the group members to

differentiate their decisional power according to various

degrees of expertise or organizational hierarchies.

(1) The Surns-of-the-Outranking-Relations Principle

This technique is derived from the sum,-of-the-ranks
technique found in the literature of aggregation

of preferences. Formally, it can be expressed as

follows:

Max C i-1 (k=l ot ) 3

This technique should be used only with extreme
care. Experience with this technique has shown that
the idea of selecting the alternative that has the
highest number of outranking relations works fine
only when the number of alternatives are small. An
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example with three decision makers and three
alternatives, with aa as the elected alternative, is

given below.

- Ordinal Ranking Outranking Relations

Rank DMI DM* DMz at as a3 Sums of the

Relations

1 a, a3  a3 a1  - 2 1 3
2 as at a. as 1 - 1 2
3 a3 as at a3  2 - 4 <-Max

(2) Sums-of-the-Ranks Rule

The sums-of-the-Ranks rule (Borda, 1781) can be
defined as follows:

where r. d is the rank assigned by decision maker
d to alternative at. The example below illustrates
this rule.

Altern. DM1  DM. DM2  Sums-of-the-Ranks

as 4 4 2 10
as 1 1 3 5 <-- Min
a3  2 2 4 8
a. 3 3 1 7

Due to its computational simplicity this technique
is widely used to determine consensus ranking. Note
that the averages-of-the-ranks rule yields the same
results. However, when there are ties, the results
are different.

(3) Additive Ranking

In the additive ranking method, group results are
obtained by computing the arithmetic mean of the
individual rankings assigned to each alternative.

27
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Due to its simplicity, this method remains one of
the most popular aggregation of preferences

techniques. The example below illustrates this rule.

Altern. DM, DMe DMa Additive Ranking

as 4 4 2 3.33
as 1 1 "1 1.66
a3 2 2 4 2.66 -- > MAX
a. 3 3 1 2.33

(4) Multirlicative Rarkina

The ohilosophy that underlies the m~ultiolicative
aoproach is to al-low more voting power to each
decision maker of the group. In effect, the
multiplicatio-,n of individual cardinal rankings
amplifies the individual opinions. Specifically, it
allows vetoes to take place. he example below
illustrates this rule.

Altern. DM' DMe DM3 Multiplicative Ranking

at 4 4 2 3.17480
am 1 1 3 1.44224
a3 2 2 4 2.51984
a4 3 3 1 2.08008

B. THE MODEL MANAGER

The role of the model manager is to coordinate various

rnodellirig activities of the GDSS. In Co-oP, the multiple

criteria group decision making is decomposed into five

decision processes (see Figure 2 ).

(1) Definition of the Group Problem

The group must agree upon a common problem and

delegate a group member -- usually the group leader
or the secretary -- to define a problem. In the

Co-oP context, the defined group problem consists of
identifying the alternatives and evaluat ion
criteria. Section VIII provides an example of this
process.
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(2) Group Norm Definition

rhe group has to identify its members arnd assign
individual passwords. It also has to agree u~on~ the
way it handles data transfers. interact ive
conversation, utilization of electronic mail, and
the type (s) of techniques o:f aggregat ion of
preferences adopted. Division of eval uat ion tasks

~between group members can also be specified. The

group can also request automat ic select ion arid
computation of appropriate decision technique.

(3) Individual Evaluation o0f Criteria

This proicess requires that each group rnermher
prioritize his/her evaluation criteria. This car, be
either accomplished by asking each decision maker to-
directly assign weights to the criteria o:r use the
Anialyt ic Hierarchy P'rocess scheme to, generate the
weighed o:r or i,,r ity vector. Co-,_-P allows el x mx natic r
,of weak criteria.

(4) Individual Assessment of Alternatives

Given a chosen problem, this process alloiws the
group members to individual ly express their
preferences regarding the alternatives. This process

can be either direct (i.e., the user enters cardinal
weights tci each alternative) o:r indirect (i.e., the
group mem~ber uses one or two availfable MCDM
techniques).

(5) Co:mputat ion of Group Results

Guided by the irstructicons defin~ed in the group nocrm
( i. e., the second process), group results are

automatically computed once all individual analyses
are su~bmitted.

1. Inteqratiozn o~f Models

Unless o:therwise specified by the group norri, the

Co-oP group module automirat ical ly searches for all1

aggregation techniques that are comnpat ible with the

individual MCDM used. If direct assessment of alternatives

,or AHP has been adopted by every group memnber for individual

assessment of alternat ives, all of the fo:ur implemented

4 .techniques will be computed, since the latter are compatible

. with the PHP in that they are based on cardinal preferences.

'.' However, the ELECTRE method can work only with the

? sums-of-the outranking-relat ions arnd, to: a certain degree,

the sums-of-the-ranks algorithms.
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When both available MCDM are used concurrently by a

group member, the Co-oP model manager automatically searches

for group decision techniques that can accept inputs froml

both AHP and ELECTRE. When a single user alternately uses

both available MCDM, the Co-oP model manager sequentially

displays group results according to all possible combina-

tions of individual methods.

Such a sensitivity analysis constitutes a point of

departure for the group to start exchanging points of view

and directions to reach agreement, and, if any, reducing

tension. The group can then temporarily exit from ELECTRE,

and use the electronic notepad to informally resolve these

problems of control and of tension managerment . If some

concessions car, be obtained, the participants can ret urn, to

ELECTRE and modify -evaluation scores accordingly. By
K-

switching back and forth between the individual DSS and the

group DSS , the participants can perform 'sequential conces-

s ions'.

2. Combined Use of MCDM and Techniques of Aggregatiorn

.' of Preferences

Bui [Ref. 23 argues for a unified MCDM framework.

Such an attempt is necessary to (i) support a wide range of

decision situations, (ii) enable econo:my of information

search, (iii) allow division of evaluation tasks. In the

Co-oP version implemented for this thesis, there are three

*possible levels of interaction between ELECTRE and AHP.

First, ELECTRE, when used alone, assumes that the decisio:n

has a defined vector of criterion weights. AHP can help the

ELECTRE user perform prioritization of evaluation criteria

prior to the pairwise evaluation of alternatives. Second,

when the size of a decision problem is large, the number of

inputs required to perform the AHP method can be excessive.

The Co-oP user can use ELECTRE as a sorting tool to reduce

the problem size, and then utilize AHP. Third, since the two

methods refer to the same decision space (defined in the

*71e
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Co-oP first process), they can be concurrently used to

verify the decision maker's consistency.

C. THE LINKAGE MODULE

The purpose of the Co-oP Linkage Module is to feed input

data to various models of the Model Base and to route output

data to various files managed by the Data Base Component.
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START

CREATE THE PROLEM CREATE THE mN

EWk-1 ,ATZO OF CRITERIA

AHP DIRECT

4: I

EVALMTION OF ALTERNATIVES IRECT INIT OF T

Fi-;TA
A H P DIRECT ELECTRE

rFigure 2. The CooP Decision Making Process
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IV. THE INTERFACE COMPONENT

A. SCREEN DESIGN

Despite the structured aspect of the multiple criteria

group problem solving processes, it remains an eventual

burden for the decision makers to memorize what he has done

in the previous steps. Maintaining a high degree of

coordination and cohesiveness of thoughts is particularly

prevalent in complex decision problems [Ref. 17 2.

Screen Format: During the problem definition and the

group norm definition processes, data entry in outline form

is adopted. Such an entry form would not only facilitate the

thinking process of themanagers, but also help decompose

objectives into hierarchical levels [Ref. 12 3. Section VIII

exhibits examplesof the outline forms used for defining the

collectivedecision problem and the definition of group

norms.

For the multiple criteria group decision processes

(i.e., processes 3 through 7), Co-oP proposes a screen

format that displays simultaneously four different windows

(see Section VIII). Whenever possible, Co-oP uses the same

screen format throughout its usage. The purpose of such a

design is to provide the user with a synoptic andfamiliar

snapshot of the current state of the problem, throughout

the entire decision-making process.

The Step Window located at the bottom screen keeps the

decision maker up to date on the current decision making

status. It consists of a two-linestatus text indicating

alternatively the current step in the hierarchy of group

problem processes, and any required prompts or diagnostic

messages related to the DSS-user interaction.
I-
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The Dialogue Window provides a conversational medium

between the decision maker and the DSS. It enables the

Question/ Answer mode of interaction to be accompanied by

verbal and color/graphic explanation of various processing

sequences and intermediate results.

To support the decision maker's orientation during the

group decision-making process, the Working window at the

upper left corner of the screen reminds the user of vital

information from past dialogue or inputs. Also, it displays

the results obtained by other participants if requested.

The Solution window is located at the upper right of the

screen. It displays intermediate and finalresults including

statistical indexes, and highlights optimal values. Tabular

outputs and bar graphs are combined to provide alternate

ways to represent outputs.

Throughout the entire Co-oP process, the windows can be

recognized by their colors. However, they vary in size

according to the required amount of information displayed

(e.g., number of decision makers, number of decision

alternatives, and number of evaluation criteria).

In addition to the above mentioned window, an electronic

notepad window can be invoked at any time to make use of

person-oriented and unstructured communications.

B. DIALOGUE STYLE

In addition to the window structure that governs the

entire Co-oP group decision making process, Co-oP combines

menus and questions to communicate with its users. The

purpose of these dialogue styles is to provide the users

with a structured, simple and controlled framework to

interact with an integrated set of multiple criteria group

decision methods. Whenever possible, concise queries and

uniform terminology are used throughout the six processes of

the Co-oP group decision making process.
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The use of menus and queries also facilitates establish-

ing error procedures. Although error control procedures are

not unique to the design of multiple user interface, an

eventual I/O error occurring in a group DSS can generate

unexpected and severe consequences in a distributed DSS.

Input control routines have been implemented at each entry

level to minimize the likelihood of input errors, or to

maximize the possibility of recovering from errors when the

latter occur.

To handle errors made by the users, Co-oP provides two

types of error control procedures. The first type of

,procedure detects syntax errors. For instance, entering a

negative rumber ,-f decision makers or typing art invalid

filename would be gracefully rejected by the Co-oP dialogue

manager. The second type of control routines attempts to

prevent decision makers from violating basic assumptions or

rules of the decision methods. For instance, the dialogue

manager will refuse a concordance threshold higher than 100

percent when ELECTRE is used.

- Co-oP also generates short explanation messages in the

*-. Step window to maintain the user confidence in the system,

or at least make the multiple criteria group decision making

less unnatural to the users.

C. THE HELP COMMANDS

Help facilities are implemented on a separate and

resident program that can be corncurrently invoked during the

Co=oP decision-making process. Due to its relatively large

amount of text, the help program is hierarchically broken

down into eight section (see Figure 3).
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HELP FOR Co-oP

MAIN MENU

(1> General Information

(2> Create a new Problem

(3> Prioritization of Evaluation

Criteria

(5> Evaluation of Alternatives

(6> Direct Input of Weights

(7> Computation of group Decision

(8> N A I

SELECTION :

HELP FOR Co_oP

SUBMENU 1 - GENERAL INFORMATION

in- (1) What Co op IS

"( <2> How to Use It

-+ <3> AHP Method

(5> Electre Method

SELECTION

V -. ' Figure 3. The Help Menu
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V. THE DATA COMPONENT

A. THE DATA STRUCTURE

The current version of Co-oP is a process-centered group

DSS, as opposed to a data-centered DSS (for instance, see

[Ref. 18 1 ). As a consequence, the structure of the Co-oP

- data component is minimal. Its objective is to (i) insure

smooth and fast data transport from one MCDM step to the

other, and (ii) facilitate data exchange between decision

makers.

Data files are grouped according to each process. These

include (i) a file containing the problem definition

(Process 1), (ii) a norm file for each group norm, (iii) a

solution file for each group members, and (iv) a group

results file for each decision problem. Data dictionaries

are given in Tables 1, 2, 3 and 4.

To minimize the time needed for data transfers between

individual workstations, data files are physically central-

V. ized and stored in the server of the Local Area Network.

However, they are functionally distributed in that they can

be accessed only by authorized group members.

B. THE DATA MANAGER
In the current version of the GDSS, the Data Manager

performs a double functions. It (i) assures that data are

correctly transferred to their location, and (ii) checks the

-. consistency transfer, i.e.. validating the number of data

* modification.
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TABLE 1

LOGICAL DATA BASE RECORDS FOR STORE THE DATA OF A PROBLEM

PROBLEM = RECORD

namel string, it holds the name of the
problem.

levels Integer, it holds the number of the
criteria 1 - 5

numofalternatives Integer, it holds the number of the
alternatives that a problem have

levell arrayUl..5] of string, it holds the
names of the criteria of level 1 - 5

level2 arrayEl..5,1..5 of strings, it holds
the names of the criteria of sublevel
1. (1-5) - 5. (1-5)

level3 array[l..5, 1..53 of strings, it holds
the names of the criteria of sublevel
1. 1. (1-5) - 1.5(1-5)

level4 arrayEl..5,1..5] of strings, it holds
the names of the criteria of sublevel
2. 1. (1-5) - 2.5(1-5)

.Z level5 array[l.5,1.53 of strings, it holds
the names of the criteria of sublevel
3. 1. (1-5) - 3.5(1-5)

level6 array[l..5,1..53 of strings, it holds
the names of the criteria of sublevel
4. 1. (1-5) - 4.5(1-5)

level7 array~l..5,1.5] of strings, it holds
the names of the criteria of sublevel

levell integer, it holds the number of the
criteria 1 -5

sublevell array[l.5] of integers, it holds the
number of the criteria for sublevels
1. (1-5) - 5. (1-5)

sublevel2 array[l. 5, 1..5] of integers, it
holds the number of the criteria in
sublevels 1.1. (1-5) - 5.5. (1-5)

alternatives array[l..15] of strings. It holds
the names of the alternatives of
the problem

END
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TABLE 2
LOGICAL DATA BASE RECORDS FOR STORE THE DATA OF A PROBLEM

SOLUTION1 = RECORD

pfactor,qfactor integers, they holds the Concordance and
Discordance Threshold

numofcriteria integer, it holds the number of criteria
numofalternatives integer, it holds the number of the

alternatives
alternatives array[1..9] of string , it holds the name

of the alternatives
numofusers integer, it indicates the number of the

users
solved array 11..33 of boolean,it indicates if a

particular user has solve the problem
grading array l..33 of array[l..3],it contains

weights of criteria 1 - 5 for each user
completed boolean, it indicates if the evaluation o

the criteria is completed of all the user
completedall boolean, it indicates if the problem is

solved
vector1 arrayl..5) of reals, it contains the

weights of the criteria of sublevel 1 -5
vector2, vector3,
vector4, vector5,
vector6, vector7 array l..5, 1.5] Of reals, it holds the

-'°-weights of all the rest criteria

normvectorl array [1.. 125) of strings, it holds the
names of the final criteria ( after the
evaluation

normvector2 array 11.. 125) of reals, it holds the
weights of the final criteria ( after the
evaluation

norrnirdex array[l.. vectorg
altmatrix altrixEl..# alternatives, l..# criteria]
finalindex array[l..3] of boolean, it indicates if a

specific user has compute the evaluation
of the alterrnatives

lit
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TABLE 2
(cont inued)

ahp record
status boolean, it indicates if the solution

of a problem has been computed with the
AHP

altvectorl array[l..93 of real, it contains the final
* -' weights of the alternatives

numoftries integer, it indicates how many times the
.user has modify the solution of the
problem

end;
electre : record

status boolean, it indicates if the solution of a
problem has beer computed with the ELECTRE

outranking array[l.1, l**9) of char, it contains the
outranking matrix for the alternatives

numoftries integer, it indicates how many times the
user has modify the solution of the
problem

end;

END
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TABLE 3

LOGICAL DATA BASE RECORDS FOR STORE THE DATA OF A PROBLEM

usersnames array [I..31 of stings, it holds the
names of the users

usersids array 11..33 of strings, it holds
the users id

numofcriteria integer, it holds the number of criteria
numofalternatives integer, it holds the number of the

alternatives
alternatives arrayl1..9] of stringd, it holds the name

of the alternatives
normvectorl array CI..125] of strings, it holds the

names of the final criteria ( after the
evaluation )

normvector2 array £1.. 125] of reals, it holds the
weights of the final criteria ( after the

evaluation)
ahp : record
status boolean, it indicates if the solution

of a problem has been computed with the
AHP

altvectorl arrayEl..93 of real, it contains the final
weights of the alternatives

numoftries integer, it indicates how many times the
user has modify the solution of the
problem

end;
electre record
status boolean, it indicates if the solution of a

problem has been computed with the ELECTRE
outranking array[1..9,1..9] of char, it contains the

outranking matrix for the alternatives
numoftries integer, it indicates how many times the

-, user has modify the solution of the
problem

end;

04, END
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TABLE 4

LOGICAL DATA BASE RECORDS FOR STORE THE DATA OF A PROBLEM

NORM = RECORD

numofusers integer, it holds the number of the
users that are going to solve the
problem

modifytimes integer, it indicates how many times a
user can modify the solution of the
problem

lasttime integer, it indicates the last date that
a user must submit his solution

usersnames array [1..33 of stings, it holds the
names of the users

specindex arraytl..5] of strings, it indicates the
criteria that each user is going to solve
in the division of tasks case

usersids array [1..33 of strings, it holds
the users id

weight arraytl..3] of real, it indicates
the weight of the decision of
each user

agregation boolean, it indicates if we are going to
use all the techniques of aggregation
of preference

nai boolean, it indicates if the program
will use NAI automatically after the
complication of the group result

specialized boolean, it indicates if we are going
to use division of tasks or not

broadcasting boolean, it indicates if the users have

the right to see the others users
- results
* modify boolean, it indicates if the user has

the right to modify the solution of

the problem
agregationname array[1..4] of characters, it indicates

the techniques of agregation of
preference that we are going to use

END
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VI. THE COMMUNICATIONS COMPONENT

A. THE GROUP NORM CONSTRUCTOR

The Co-oP Group Norm Constructor resides in the second

Co-oP multiple criteria decision making process. The group

leader or secretary has to initiate the group decision

making by (1) identifying the group members, (2) assigning

respective decision weights, (3) determining the mode of

group decision making (e.g., division of evaluation tasks or

'pooled' decision making), (4) selecting the techniques of

aggregation of preferences, (5) setting the mode of

information exchange (i.e., broadcast of individual

results), and (6) defining the deadline for the group

members to submit individual results.

B. THE GROUP NORM FILTER

The Co-oP Group Norm Filter consits of a set of

subroutines that enforce the norms set by the Group Norm

Monitor.

C. THE FORMATTER

The main role of the Co-oP formatter is to convert

individual results computed by the ELECTRE and AHP methods

to data formats that can be inputted into the modules

containing the techniques of aggregation of preferences. For

instance, individual cardinal rankings are converted into

ordinal rankings for the sums-of-the-ranks algorithm.

A
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VII. IMPLEMENTATION OF THE GDSS

A. SOFTWARE STRUCTURE

Turbo Pascal cannot handle program files whose size is

larger than 62 kilobytes. To override such constraint, Co-oP

has been decomposed into 15 including files. The latter are

described below. Also, filenames under IBM-PC-DOS cannot

have more than eight letters, abbreviated filenames have

been used.

DIRLISTI

PROCEDURE DIRLIST displays on the scrren the existing files

of previously defined problems (problemname. def)

DIRLIST2

PROCEDURE DirListA The same as above but for the norms

files (normname.gn).

PROCED

FUNCTION STUPCASE turns a string to uppercase characters.

FUNCTION EXIST examines if the file requested by a user to

access exists. If it exists it returns the value TRUE else

y-r returns the value FALSE.

PROCEDURE WAIT stops the execution of the program until the

moment that the user will hit a key.

PROCEDURE CLEARSCREEN clears the screen for line 1 to line

10 to make space for new data.

PROCEDURE CONVERT converts a string to the corresponding

numerical value

PROCEDURE IDENTIFY reads the user input and accepts it only

if it is Y or N.
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PROCEDURE CHECKNUMBER reads a number that the user enters

and accepts it only if it is within a predefined range.

PROCEDURE SORT1 sort an array of numbers.

PROCEDURE WRITENORMFILE reads from the program the current

norm data and writes them in a file (e.g., data of the

current norm).

PROCEDURE WRITEPROBLEMFILE reads the norm data from the

current norm file and passes them to the program.

PROCEDURE READPROBLEMFILE reads from the program the problem

data and writes them in a file (e.g., data of the current

problem).

PROCEDURE READNORMFILE reads the data for the corresponding

norm file and passes them to the-program.

PROCEDURE READSOLUTIONFILE read the data from the user file

and passes them to the program

PROCEDURE WRITESOLUTIONFILE reads the current user data from

the problem and writes them to the current user file.

FILES

PROCEDURE OPENFILE opens for the first time a file that it

will keep the data of a new problem.

PROCEDURE OPENSOLUTIONFILE opens for the first time a file

that it will keep the data of the solution of the problem (

one for each user).

PROCEDURE OPENNORMFILE opens for the first time a file that

it will keep the data of a new norm.

UTILITES

PROCEDURE DISKDATA asks the user if he wants to see a

predefined problem or norm.

PROCEDURE DISKSTATUS displays all the existing problems and

norms of the current directory.

PROCEDURE READ1 asks the user the name of the problem that

he wishes to solve.
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PROCEDURE READ2 asks the user the name of the norm that he

wants to use.

PROCEDURE READ3 asks the user's name.

PROCEDURE READ4 asks the user's password.

PROCEDURE READ5 asks the decision method that the user is

, ... going to use.

PROCEDURE DATA includes read 1, read2, read3, read4.

PROCEDURE PRIORITYOFCRITERIA permits evaluation of

evaluation criteria.

STEPI

PROCEDURE CREATEPROBLEM reads the data of a new problem and

writes them in a file.

PROCEDURE DISPLAY displays the data of a problem to the

screen after the request of the user.

PROCEDURE CORRECTDATA corrects the data of the problem in

-..-. case of an error occurs.

STEP2

OVERLAY PROCEDURE NORMDEFINITION reads the data of a new

norm and writes them in a file.

STEP2-1

PROCEDURE NORMSELECTION asks the user to select one of the

existing norms.

PROCEDURE DISPLAYNORM displays the data of a norm to the

screen.

STEP3

PRIORITYOFCRITERIA is the main program for the evaluation of

the criteria.

STEP 3-1

OVERLAY PROCEDURE EVALUATE includes the evaluation of a set

of criteria using AHP.
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OVERLAY PROCEDURE DIRECTI is similar to the previous

procedure but using direct mode.

STEP3-2

PROCEDURE SELECTCRITERIA computes the final weights after

the computation of all the sets of criteria.

PROCEDURE FINALCRITERIA gives the user the opportunity to

reduce the number of the final criteria.

STEP4

PROCEDURE SOLVEWITHAHP controls the evaluation to the

alternatives if the user select : AHP, direct mode, general

direct mode, and displays the final weights for the

alternatives.

PROCEDURE COMPUTEALTERNATIVES controls the computation of

the alternatives according to the method that the user is

going to use.

STEP4-1

OVERLAY PROCEDURE EVALUATE1 evaluates a set of alternatives

using AHP.

OVERLAY PROCEDURE EVALUATE3, upon request, assigns weights

in a set of alternatives directly (without grading

previously the criteria).

OVERLAY PROCEDURE DIRECT2A evaluates a set of alternatives

using the direct mode.

STEP4-2

OVERLAY PROCEDURE ELECTRE evaluates a set of alternatives

using the ELECTRE method.

STEP6

OVERLAY PROCEDURE GDSS computes the group results.
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B. EFFORT DISTRIBUTION AND MAINTENANCE PROBLEMS

1. Effort Distribution

The development of the software took approximately

six man-months. The effort distribution is indicated below:

TABLE 5 EFFORT DISTRIBUTION

AHP & GROUP USE OF DIVISION
ELECTRE MODULE NORM OF TASKS

Requirement Analysis 3 6 8 2

Initial Design 5 3 3'a.....

Detailed Design - - -

Coding 17 11 5 3

Unit testing/Debugging 6 5 2 3

Testing Integration 4 5 2 2

% Of the Total time 35 30 20 15

,.'

It is worth noticing that the iterative design

adopted for the development of Co-oP has helped in

incrementing the functionalities of the software.

2. Implementation Problems and Maintenance Issues

(1) Design of Algorithms:

The understanding of algorithms, conversion of
algorithm in structured pseudo-codes required

elaborated design.

(2) Programming Language:

Mastering the language adopted for the software
development has taken a substantiallearning effort.
Window scrolling, overlays, cursor handling--due to
the limited capabilited of the programming language

k.' -- took a non-negligible learning effort.

(3) Debugging logical errors:

Due to the complexity ofthe data structures, in
particular, the manipulationof matrices in the AHP
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techniques and the integration of multiple-user
files, testing the correctness of data transfers
represented an important part in the testing phase.
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VIII. REMOTE MULTIPERSON DECISION MAKING IN MILITARY,

STRATEGIC PLANNING

A. EXAMPLES OF POSSIBLE USE OF GDSS IN THE MILITARY CONTEXT

The proposed software is most appropriate for decision

situations where there is distribution in space and in time.

*Such decision settings are often encountered at various

high-level decision making in the armed forces as well as in

the civil government. The example discussed below

illustrates an decision example that deals with the

selection of a naval warship.

B. A HYPOTHETICAL EXAMPLE

To exemplify the potential usefulness of the developed

software, this section describes a hypothetical example. The

latter consists of selecting a naval ship. Two scenarios are

discussed below. The first one assumes a multiple-user

decision situation where there is an exclusive division of

tasks at upper-level decision. In other words, each group

member is assumed to have special expertise and is assigned

to evaluate the alternatives according to the decision

criteria closely related to his knowledge. The second

scenario illustrates a group decision situation where

collective assessment at the staff level is performed. In

other words, each group member has his/her opinions on the

entire set of evaluation criteria.

SCENARIO 1: DIVISION OF TASKS AT UPPER-LEVEL DECISION

(1) Decision alternatives:

Naval ships can be bought from three countries: the
IJ United Kingdom, the Netherlands and West Germany.

hA- This example concentrates on a particular class of
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warship, i.e., the Corvette. For the purposes ofr
this scenario, the specifications of the three ships
are given in Tables 6 and 7.

(2) Decision makers:

Decision makers include the chief of the weapon

department, the chief of the engineering department
and the chief of the electronics department.All of

the above officers are under the command of the
chief of department of new constructors, a Real

Admiral. Each of the officers has specific expertise

in the performance evaluation of the ship
candidates. The chief of the weapon department,

officer enjoys however the highest decision power.
It is assumed that the decision makers operate under

more or less complete information about the ships.
Each decision maker has a technical staff of his own

that performs detailed surveys of the

characteristics of the ships.

(3) Decision making norms:

To get started, a member of the decision group has

to define the decision norms. It is assumed that the
chief of the weapon department takes this
responsibility. As discussed in Chapter V, the group

leader sets different distributed computer-based

communications norms. Figure 4 is an actual display

screen of the interactive norm definition process.

(4) Decision making procedures:

The evaluation process is broken down to group
members. Each decision member has the exclusive
right to assess the alternatives according to the

criteria that are related to his expertise.

(5) Evaluation Criteria:

For the sake of simplicity, this example excludes

political and economical issues that in real-life
situations often play an important role in the
selection process. The evaluation criteria are
grouped in four sets: 'gun systems', 'electronics',
'engine' and 'cost'. The latter are respectively

analyzed by officer chief of the weapon department,

the chief of the engineering department and the
chief of the electronics department. Such a division
of evaluation task is motivated by the fact that
each of the officers detains unique expertise their
field. Figure 5 lists the criteria chosen for the
ship selection problem.
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TABLE 6 SPECIFICATIONS OF THE WAR SHIPS

GERMANY,FEDERAL NETHERLANDS r UNIT.KINGDOM

TYPE TYPE 122 TYPE TYPE 21

DISPL 3600 - Full load 3050 - Standard 3000 - Standard
(tons) 3630 - Full load 3700 - Full load

DIMENSION 130x14.5x6.5 130.5x14.4x6.2 133x15x43
(ft)

AIRCRAFTS 2 Lynx helicopter 2 AB 212 ASW 2 Lynx helicopter

with AGS 18 sonar helicopters

MISSILES SSM:8 Harpoon SSM:4 Harpoon SSM :8 Harpoon
SAM:1-8 Sea Spar SAM:NATO Sea SAM :Sea wo:lf VLS
2 mult sting laun Sparrow PDMS
chers;2 RAM ASDM

GUNS 1-76mm/62; 2-76 ram/62 1-4.5 in 55 Mk8
Breda 105 mm 20 Compact C/WS:2-30 mm
tube rocket laun Goalkeeper

A/S 4 Mk2 32 torpedo 4 MK2 torpedo 6 STWS torpedo

WEAPONS tubes fot Mk 46 torp tubes

MAIN 2 GE-LM 2500 2 Rolls-Royce 2 Rolls-Royce

ENGINES Gas Turbines TM3B Gas Turb SMIA Gas Turb.

2 MTU 20V 956 2 Rolls-Royce 4 Paxman Valenta
TB92 Diesels RMIC Gas Turb. Diesels

2 Gec Electr Mot

SPEED 30 knots 30 knots 28 knots
% (KNOTS)

RANGE 4000 4700 780C.)
(miles) at 18 knots at 16 knots at 15 knots

COMPLEMENT 204 176 143

.552
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TABLE 7 SPECIFICATIONS OF THE WAR SHIPS

FEDERAL, GERMANY

RADAR

1.SURVEILLANCE Type 996 , Plessey AWS - 5
plus AWS - 6

2.SEA WOLF GUIDANCE Two Marcony Type 191

3. NAVIGATION One Kelvin Huges Type 1007

SONAR

Type 2050 ( Bow Mounted)
Type 2031 ( Towed array )

UNITED, KINGDOM

RADAR

1.SURVEILLANCE HSA DA 08
2. FIRE CONTROL HSA WM 25 and STIR
3.NAVIGATION SMA 3RM 20

SONAR

Active Passive Atlas DSQS 21 BZ and BO

NETHERLANDS

RADAR

1.SURFACE SURCH One DA - 08
2. FIRE CONTROL One LW - 08

One WM 25 SYSTEM
One STIR

3. NAVIGATION One ZW - 06

SONAR

SOS - 505 Bow Mounted
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(6) Individual Prioritization of Evaluation Criteria:

As discussed earlier, Co-oP currently provides two

modes for individual prioritization of evaluation
criteria. Each group member can choose any
combination of these two modes. For this example,
the chief of the weapon department, the chief of the
engineering department and the chief of the
electronics department respectively chose the AHP,

direct, and direct methods. Figures 7 to 16
successively display the outputs of the
prioritization process of the three decision makers.
In order to reduce the numberf evaluation iteration,

the criteria that score low values are eliminated
(Figure 17).

(7) Individual Evaluation of Alternatives

To support the individual evaluation of

alternatives, three methods are supported by Co-oP:
direct assessment, AHP and ELECTRE. The results of

this process are given in Figures 18 to 22.

(8) Group Result

The group result is displayed in Figure 23. It is
a combination of the outcomes generated by three
decision makers. Figure 23 suggests that TYPE3 is
the best one, with an overall score of .34.

SCENARIO 2: COLLECTIVE ASSESSMENT AT THE STAFF LEVEL

To illustrate the Co-oP ability to handle group decision

making situations where division of evaluation tasks does

not apply, this scenario is identical to the first one with

the exception in that there are only four evaluation

criteria. Furthermore, these criteria are used by all

decision members for evaluating alternatives.

(1) Decision alternatives: Same as in Scenario 1

(2) Decision makers: Same as in Scenario 1

(3) Decision making norms:

Figure 24 is an actual display screen of the

interactive norm definition process.

(4) Decision making procedures:

Unlike in scenario 1, each decision member assesses

the alternatives according to all of the criteria
that are defined for the problem (See Figure 25).
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(5) Evaluation Criteria:

For the sake of simplicity, this example retains
only four principal criteria, i.e., 'gun systems',
'electronics', 'engine' and 'cost'.

(6) Individual Prioritization of Evaluation Criteria:

Figures 27 and 28 display the outputs of the

prioritization process of the first decision maker.
In order to reduce the number of evaluation

- iteration, the criteria that score low values are
eliminated (Figure 29).

(7) Individual Evaluation of Alternatives

The results of this process are given in Figures 30

to 41.

(8) Grcup Result

The group results are displayed in Figure 24

(computed by the Direct Mode) and Figure 25

(computed by ELECTRE). With the direct mode, TYPE 2
is first in all aggregation of preferences
techniques, including the sums-of-the-ranks, the

additive ranking, the multiplicative ranking and the
sum-of-outranking-relations. This result is
confirmed by the ELECTRE mode. Note that in the
latter mode, only the sums-of-the-ranks and sums-of-
outrankings relations are computed.
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IX. CONCLUSIONS

This thesis was concentrated on the extension of a the

Co-oP decision support system for multiple criteria group

decision making. The development focused in the creation of

a computer-based communications framework for supporting

decision making situations that are distributed in time and

-, in space. The software is written in Pascal and is

operational in a network of three personal computers.

-; A naval warship selection problem was discussed to

illustrate the usefulness of the implemented group decision

,* support system.

However, the proposed decision suppport system can only

be applied to a certain class of decision situations. In

effect, the decision makers are assumed to be cooperative,

and knowledgeable about multiple criteria decision making.

Js
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APPENDIX A

THE PROGRAM LISTING

p' PROGRAM GDSS ( INPUT , OUTPUT ) ;
" {$v-, r-}

LABEL

norndef, back, solvel, solve2, solve3,
telos , create ,gdssl,nai, 10 , 20 , 30

CONST

size =C5
I .% p o s i t i o-,n 1 5 ;

p,-,sitior,2 = 13
position3 = 21
maxcrit 1 -5
maxcrit2 = 5
maxcrit3 = 5
windows = 3
number array[l..Windows, .. 4] of Integer

= (( 2, 2, 78, 13 )
( 2, 15, 78, 21 )
(2 23, 78, 24 ) ;

TYPE

rame = string [size]

ask = string E5];
col,,r = string C28J
num2 = array El.. Maxcrit1, 1.. Maxcritl] of integer
level = array [1..Maxcritl,1..MaxcritlJ of name
vectors = array El.. Maxcritl. 1.. Maxcritl] ,:,f real
matrix20 = array El.. 20, 1.. 20 ] of real
arayl = array El..9, 1..9) of real
Title = array l.. Maxcriti] of name
Sr umI = array E1.. MaxcritI] of integer
vectorsl = array El..iMaxcrit1] of real
vectorg = array [l.. 1253 of name ;
vectorn = array El.. 125) of real ;
vectorf = array [1..20) of real
titlel = array [1..20] of name
name2 = array El..6] of name
array9 = array11. .9, 1.. 9) of char
elpida = array[l..4) of char
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Casel 1 record

name I name;
* nurnofproblen, levels,

numofalterriat ives nrumofusers integer-
level2, level3, level4, level5,

level6, level7 :level
levell : title ;

sublevell : numi
sublevel2 :num2

*alternatives titlel

end (* record *

casea = record

pfactcor,qfacto:r real
.1 nu-riof cr it er ia : integer,

numofalterrnat ives :integer,
alternatives : titlel
numofusers :integer
solved :array El.. 33 of boolean
grading :arayl
Completed :boolean
conipletedall :boolear'
vectori : vectorsi
vector2, vector3, vectc',r4,
vector5, vectcer6, vectc'r7 vectors
normvectorl :vectc'rg
riorrnvector2 : vectc'rn
nc'rriindex : vectorg
altrnatrix : matrix2O
firalindex: arrayEl. .3) of bo-ol)eai
Finalindexi arrayl. .3) of boolear

-V hp record

status boclean
altvecto:rl :vectorf
rumciftries :integer-

end
electre :record

y status :boo lean
outranking :array9
numoftries : integer

end;

end ; (* record *

solU t ioni I record
usernanie namie
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useri d : name;
numofcriteria integerI
normvectorl :vectorg
normvectorS vectori
numofalternatives: integer
alternatives :titlel

ahp : record
status : boolean
numoftries : integer;

altvectorl a vectorf

end
-: electre :record

status :boolean
numoftries :integer
o:utrankirig :array9

end

end ; *record *

norm 1 record

numof users
mod i f yt irnes,
lasttime : integer;
usersnames aname2
specindex title
users ids name2
weight : vectorsi
current name : name

% agregat ion,
na i,
specialized,

P broadcast ingq,
Amodify -. boo-,lean;

agregationname aelpida

- end ; *record *

VAR

problemifile :file of casel
problem ,problema casel
specfile a file of case2

- specfile2,specfilel case2
solution,solutiona asolutioni
solutionfile a file of solutioni;

norm, norma a norml

normfile file of norrnl
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basicfile :text
axz, a.b, c,al, bl, cl, nuberx
s 1, s2, s3, a5, p3 , ax, d 1, ab,
W, e, iI.jI k., 1,9 f , code, aa,
1 i e, po--s it i on, l evel1s, mna 11

..- ... ~ rumcfalternatives, xl, l, codel,
rial2, count, nurof criteria, cC:.unt imies :integer

precent,sutm,integerl,score,rowI real
array2 :title ;
alternativesi ,alternativesx :titlel
extension, prnamel, pruser, answer
norrnnarne, arswerl, narnex, idx,
pro bi1namse, method x, prnane , pr user3, s pecriarile :name
vect or-2, vect or3, vect c'r4,
vecto--r5, vector6, vector7 : vecto:rs
altriatrix : matrix20;
vectori1, vectortar vectorsl
altvect':,rx, altvectc, altv/ectorl-I vectorf
choice, ch : char
answ~er-2 ask.
cojln, cniternial *criteria2 color
arrayl :riumil
rnatrixl,result : rurii2
norrnvectorl,exchangel vectorg
normvectcsr3, ncrrnvector2:, exchange2 vectc'rn
error : boo lean
string128, string129 :string (128]
inte :string (10]
index, inidex2' bcaolear,

(C$1 DIRLIST1.PAS}-
-($I DIRLIST2.PAS}
($1 PROCED.PAS}-
{C$I STEP1.PAS}-
(C$1 FILES.PAS}-
-($I STEP6. PPS}
(1STEP.PS

{$-SI STEP3-l.PRS}-
% -C $ I STEP2-l.PAS}%

-C$I STEP3-2. PAS}
-($I STEP4-1.PAS}
-C {$1 STEP4-2.PAS}-

* ($1 UTILITES.PAS}-

-($I STEP3.PAS}-V $I STE:P4.PAS}-

BEGIN (*main program *

back:
window (1,1,80,23)

.- I %text backgrorid (14
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clrscr
window (1,24,80,25);
textbackground ( white);

clrscr ;
textcol, r ( black
gotoxy ( 2, 1

"-.*i write ( 'multiple criteria group dss - main menu
-"- window ( 1, 1,80, 23)

textcolor ( blue
textbackground ( 14

gotoxy ( 3 , 2 ) ;
write ( ' main menu ' ) ;
gotoxy ( 3,4 ) ;

' write (' 1. Multiple criteria group problem definition');

gotoxy ( 3,6
write ( ' 2. Group norm definition
gotcxy ( 3,8) ;

write ( '3. Prioritization of evaluatior criteria
gotoxy ( 3. 10 ) .
write ( '4. Individual evaluation of alternatives z
gotoxy ( 3, 12 ) ,
write ( ' 5. Direct input of the data
gotoxy (3, 14) ;
write ( ' 6. Computation of group decision
gotoxy (3, 16) ;
write ('7. Identificatio, n of negotiable alternatives

gotoxy ( 3, 18 ) ;
write (' 8. Help

: ..- gotoxy (3, 20) ;

write ( ' 9. Exit
textcolor ( black

- repeat
gotoxy ( 3,22)

clreol
write (' enter a nurber
read ( answer ) ;

val ( answer, count, code
" unt il ( ( 0 ( count) and ( c-unt ( 10 ) and ( ccde 0

case count o f

1: got, create

2: goto norrdef
. 3: gozt o solvel;

4: gotc' solve2
5: goto solve3
6: goto gdssl
7: goto nai
8: goto back
9: goto telos

end
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(* problem definition *)

create:

string128 : ' step I : problem definition
diskstat us
createproblem ( problem

(* corect the data of the problem *)

window ( 1, 1,80, 17) ;
textbackground ( blue I

clrscr

textcolor ( white )

display ( problem )

wind.w ( 1,18,80,23
textbackground ( 14
c 1 r'scr ;

window ( 1,24,80,25
textbackground ( white

clrscr
textcolor ( black

gotoxy ( 2, 1)
write ('step 1: multiple criteria group problem

definition
g.:ot.:°xy ( 2,2)
write ( ' correct the data of the problem

window ( 1,18,80,23 )
textbackground ( 14 )
clrscr
textcolor ( black

correctdata( problem
clrscr
window ( 1,1,80,17)

textbackground ( blue
clrscr ;
textcolor ( white
displayl ( problem );

window ( 1,18,80,23 )

textbackground ( 14 )
clrscr

textcolor ( black

correctdatal (problem
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openfile ( prname

writeproblemfile

g':'to back

(* norm definition *)

normdef:

stringl28 := ' step 2 :rormdefinition

diskstatus

rormdef iit ion

opennormfi le C nrrnname

writerc'rriifi le

'.
. got,:, back ;

(* priority of criteria *)

solvel:

priorityofcriteria

goto back ;

.N (* evaluation of alternatives *)

-' solve2:

cormputealternat ires

N-got:. back ;

(* direct input of the data *)

solve3:

-, string128 'step 5 direct input of the weights';
diskstat us
clrscr
window ( 1,24,80,25)
textcolor ( black ) ;
textbackground C white

gotoxy C 2,2) ;
clreol;

write C ' identification of the problern ')



* . window ( 1,13,80~,23)
text background (14
clrscr

readl

readproblernfile

read2

readnormfile

read3

if ( rnot exist (pruser) )then
begin
solut i':r. ahp. statu :=S false
solLution.electre.status false
so 1 ut iocn. ahp. riulrflctries 0;

* 5s 1 iut i or.eectre. nriio:ftr-i es :=0
Opens.:l1ut ion'i 1e (pruser

end

readso 1 ut io:f il1e

riurnofcriteria sol ut iorn. Nuriof criteria
rsurmifcriteria solut ion. Numofcriteria
riorravect orl =sOsi t i or.Norrmvector 1
norriivector a sol ut ion. Norrmvector2

NIT% read4

writenorrnfile

counti ries := so: ut i or. Ph p. NUmo:f t ries
if norm~. Mod ify then,
beg in

1if cc'urt imes < r:ra. Mo:d ifyti ries t her,
beg i n

~~ .* OcUri res =count i res + 1
index :=true
so~lvewithahp

* .:.end

else
beg in

cirscr
gotoxy ( 5,9)
write ( 'you cant modify your output
gotoxy ( 5, 10
write ( 'hit any key to conrtinue ')

read (kbd,ch
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goto back

end;
*- end

else
begin

if count imes = 0 then
Nbegin

countirnes countirnes + 1
index :=true
solvewithahp
clrscr

end
else
begin

clrscr
gotoxy ( 5, 9)

,-.: write ( ' v,-,u cant modify vour cutput

gotoxy ( 5, 10 )
write ( 'hit any key t,-, cont irue I
read ( kbd, ch
goto back

end;
.1' end

(* gdss *)

gdssl:

string128 := 'step 5 computation of group result
string129
diskstatus

data

readproblernfile
if nr.:r, specialized Then
beg i n

if ( not exist ( specrame ) ) then
begin

clrscr
gotoxy( 2,2 )
write ( 'the problem is not yet solved
gotoxy( 2,4 )
write ( 'hit any key to continue
read (kbd ,ch)
goto back

end
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readspecfile

1' if ((specfile2.Corilpletedall) and
(specfile2.electre. Status)) then,

'4- -~ begin
.. \ . wind,_-w (1, 1, 80, 2'3) ;

textbackground ( blue
clrscr

window (1,24,80,25)
textbackground ( white ) ;
clrscr
textcolor- ( black
gotoxy ( 2, 1)
write ( 'step 6 : computatior of group decition

gotoxy ( 2,2) ;
write ( 'final result (electre) - soecialized rm-,de

- window (1, 1,80.23)

textbackground ( blue
clrscr
textcolor ( white

for a 1 to specfile2.Nurnofalternatives do
beg i ri

answer- specfile2.PlterriativeslaJ
delete ( answer,4,length( answer ) )
gotoxy( ,a + 3) ;Nt, write ( answer:4 )

end

f or a 1 to specfi 1e2. Nu-riofalterriat ives do
beg in

- -" answer specfile2. Alternatives[aJ
. delete ( answer, 4, length ( answer)

"' . g,otoxy ( 5 + ( a * 5 ) , 3
,P- write ( answer:3

end

for a I to specfile2.Numcfalternatives do
begin
for b 1 to specfile2.Nurmofalterriatives do

beg in
gotoxy ( 5 + ( b * 5) , a + 3
write (specfile2.Electre. Outranking[a,b

end
end

,%- textcolor ( green

gotoxy ( 5, 10
write ('** an outrarking relation * is the
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gotoxy 5,11
write (' one that satisfies both concordance ' )
gotoxy ( 5, 12 ) ;
write (' and discordance requirements.
Gotoxy ( 5, 13 ) ;

* write ('** an - indicates that there is
gtoxy ( 5,14 )
write (' no outrankirg relations.

.... Gotoxy ( 5, 16 ) ;
write ( 'hit any key to continue

read ( kbd,ch
end

if ((specfile2.Completedall ) and (specfile2. Ahp. Status K
then

beg i n
altvectorl := specfile2.Ahp.Altvectcorl

rindow (1. 1,30,23)

textbackgrourid ( blue
clrscr
window (1,24,80,25)

textbackground ( white
* -clrscr

- -."textcolor ( black
. gotoxy ( 2,1)

• write ( ' step 6 : coriputation of group decition
gotoxy ( 2,2)
write ( 'final result (ahp) - specialized mode

window (1,1,80,23)
textbackground ( blue
clrscr ;
textcolor ( white

got oxy ( 2,3 )
write C ' final solut ion

for al 1 to pro blem. Nurnoffalterratives d o
beg i n

textcolor ( white
gotoxy ( C ( 5 * al )) , 19
write copy ( problem. Alternat ives [a 1, 1, 3)
gotoxy ( ( ( 5 * al )) , 20
textcolor C red

"1 write ( altvectorllal]:3:2
end

textbackground ( red
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for al := 1 to problern.Numofalternatives do

begin
gotoxy ( (5 + ( 5 * al )) ,17
for bl I to round( altvectorl[alJ * 10 ) do=
begin

gotoxy ( ( ( 5 * al )) ,(17 -bl)
write ( '

end
end

textbackground ( blue ) ;
gotoxy ( 2,22) ;
write ( 'hit any key to continue

read ( kbd ,ch
end
else

cirscr
gotoxy( 2,2
write ( 'th problem is rnot yet solved

'V goto:xy( 4,2)

'N' end
q else

gdss

goto back

(* nai *)

nai:

* ot avaiable yet *)

goto back ;

t e os:

END (* MAIN PROGRAM *)

INCLUDE FILE STEPI

PROCEDURE CREATEPROBLEM ( vat problerm casel

LABEL
10, 20 ,30

VAR
axz : integer
strlstr2 : name
c,:del integer
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BEGIN

textmode ( c80
clrscr ;
gotoxy ( 1, 2)

:2 clearl(problema
problern.Levels 0
for c := 1 to 5 do

S-. problern.Sublevell~c]:= 0
for c := 1 to 5 do
begin

for b := 1 to 5 do
problem.Sublevel2[c,b] 0

end
textbackground ( black
textc:,lo-,r ( white ) ;

window ( 1,1,80,23)
textbackgrund C 14

clrscr

window C 1,24,80,25)
textbackground ( white

cIrscr

textcolor ( black
.-.'... go-to-xy (2, 1)

write ('step 1 : rmultiple criteria group problem
definition I ) ;

gotc. xy(2, 2 ) ;
write ( 'definition of alternatives * hit q to stop
window C 1,1,80,23)
text background C 14
clrscr ;
got-,xy ( 2, 2
textcolor ( black

C-.- write ( ' enter the name of the problem :
read answer
prnamel : = answer

.A' delete (ar,swer, 8, length (answer)
prname := concat (answer' Def

problern.Namel := answer

N... gotoxy ( 1,2);
cireol
gotoxy C 3,2

,. write ' name of problem : , answer
line 4
a := 0
b 2 0
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position 1

c := 0 ;
g .toxy (1, line
clearscreen ( line

go~tc'xy (3, 4 )
write ( ' enter the alternatives

a5 := 0

while ( answer (> 'q') and ( a5 ( 19 ) ) do
begin

gotoxy ( 42, ( 4 + a5 )

*1.a5 := a5 + 1 ;
write ( ' ',a5,'. 9 )
Read ( answer
answer := st upcase(answer)
problem. Alternatives Ca5 = answer

end ;
pro blem. N-rlcfaiternatives := a5-1
f, frc a5 1 to 10 do
begin

gotoxy ( 1, a5 + 2
clreol

end

window ( 1,24,80,25)
4-;". textbackgro.nd ( white

clr scr
textco'lor ( black.)
Sg o t o xy (2, 1) ;
write ('step 1 - multiple criteria group problerm

• "-'.% def irit ion 9
gotcoxy(2,2

write ('defiritior of criteria * 1)st level 2)nd level

3)nd level q)uit' ;

window ( 1, 1,80,23)
textback.ground ( 14 )
textcolor black
repeat

gotoxy ( 3, lir, e
write ( ' enter the number of the level
read ( answer

answer := stupcase(answer)

line := 4
delline

unt i 1 (answer = ' 1' ) or (arswer - ' 2) or (answer = '3'
while answer > 'q' do
begin

clearscreen 1 ire
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if answer '' then
begin

lotoxy (5, line)
Ireol

10-.
position := positionl;
clearscreen ( line ) ;
textcolor (blue)
gotoxy(posit ion, line) ;
textcolor (blue
write (a+ 1,1.,
Gotoxy(position + 3 1 line );
read ( answer );
answer := stupcase(answer)
if ( answer 0 '2' ) and ( answer > '3'

and ( answer 0 q' )and (answer >' 1' ) then
begin

a := a + ;
probler. Levell a I answer

*line := line + I
b :=0
got,: 10

end
end ;
problem. levels := a
If answer = '2' then

begin.
gotoxy ( 5,line
cireol
textcolor ( 14 )
position position2

20 clearscreen ( line
textcolor < red )
gotoxy ( po, sit ion, line
write (a,'.',b+l ) ;
Got, oxy ( po sit ion + 5 line
read ( answer ) ;
answer := stupcase(answer)
if ( answer > '1' ) and ( arswer > '3'

and ( answer 0) 'q' ) and ( answer 0'2' ) then
begin

b := b + 1
problem. Level2 I a,b I answer
line := line + 1
c := 0
goto 20

end
end;
problem.Sublevellla] b
if answer = '3' then
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begin
gotoxy(5,line
clreol ;
textcolor ( yellow
position : positior3

30 : clearscreer, ( line )
textcolor ( yellow )
gotoxy ( position, line
write (a,'.',b,'.',c+ )
Gotoxy (position +7 , line
read ( answer
answer := stupcase(answer);
while answer = '3' do
begin

gotoxy ( position +7 , line
clreol;
read ( answer
answer := stupcase(answer);

." end ;

if ( answer > '2' ) and ( answer 0 ' 1'
* arid ( answer 0 'q' ) then

begin
c := c +1
case a of

S1 : problem.Level3Cb,c] answer ;
2 : problem.Level4[b,c] := answer ;
3 : probler. Level 5b,c] answer ;
4 : problem.Level6[b,c] answer ;
5 : problera.Level7Eb,cJ answer

line := line + 1
goto 30

end
end
problea.Sublevel2[a,b] := c

end;

window (1, 1,80,25
i ENcl-rscr;

END

PROCEDURE DISPLAY ( probler: casel

VAR

line , a , b , c ,coll,col2,co13 integer
change boolean

725)..'
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BEGIN

gotoxy(3, 1) ;
textcolor,(white )
line 2
Coll :
change := false
for a:=l to problersi. levels Do
begin

if ( length(problern.levella]) > 1 ) Then
begin
textcolor (white)
if (line > 14 )then
beg i n

coll coll + 30 ;
line 2 ;
change := true

ae -,d ;

if ( ( lite > 14 ) and ( change ) ) then
beg i n

coll coll + 60 ;
line 2

end ;
gotoxy( coll,line
writeln (a, '. ',Problem.Levella] );
line:=line+ 1

for b := 1 to problem. Sub level la] do
begin

textclor ( red
if (length (problern.Level2a,b] ) > I ) ther,
beg in

if ( line > 14 ) then
begin

c:ll C:ll + 30
line 2;
change := true

end ;
if ( ( line > 14 ) ard ( charge ) ) then
beg in

coi1 cc.II + 60
line 2

end

-got,-,xy ( ccl+1, line
write(a,'.',B,' ', problen. Level 2[a,b] ;
line := line + I

for c:=l to problem.Sublevel2[a,b] do
begin

textcol.z:r ( yellow
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case a of
1: begin

if (length(problern.Level3[b,c))>I) then

begin
if ( line > 15 ) then
begin
coll: coll + 30 ;
line 2 ;
change := true

end ;
V if ((iine>14) and (change)) then

begin
Coll coll + 60
line : 2

end
gotoxy ( col 1+2, line
Mrite (a,' * . ,' ' C,' '

probIeri. Level3[b. c])
line := line + 1' " end ;

end
2: begin

if (length(prcbleri.Level4[b,c])>i) then
beg in

if ( line > 15 ) then
beg i r,
Coll : coll + 30

line : ;
change := true

end
if ( ( line > 14 ) and ( change ) ) then

begin
c,_l := cc 11 + 60
line : 2

. end
gctc xy ( co 1+2, 1 ine
-write (a,' 2,' ' C,

pr,-,blerm. Level 4b, cJ )
line := line + I

end
end

3: begin
if ( length( problern. Level5[b,c]) ) then
begin

if ( line ) 15 ) then
beg irn

coil coli + 30
line : 2 ;
change := true

end
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if line 14 and (change)) then
begin
coll : coil + 60

line : 2

end ;
got oxy ( co 1+2, line)

"- write (a,' *' ,B, ' *' ,C,'

problem. Level5[b, c)

line := line + 1 ;
end;

end ;
4: begin

if ( length(problem.Level6[b~cJ) > 1) then

begin
if ( line > 15 ) then

begin
co- II cocl + 30

-t' lire := - ;

change := true

end;
if ( ( line > 14 ) and ( change ) ) then
begin

coll : coil + 60
end line : 2;

• pi end ;

gotoxy ( col1+2, line
write(a,' ' B,' ' ,C,' '

problern. Level6[b, cJ)
line := line + 1

end
end ;

C. 5: begin
if C length (problem. Level7[b,cJ)>1) then
begin

if (line > 15 ) then
beg i n

coll := coll + 30
line : ;
change := true

end
if ( C line > 14 ) and C change ) ) then
beg i r,

cc-ll : ccll + 60
line := 2

end ;
gotoxy ( co 1+2, line

write (a,' ', B,' *' C,'problern.Level7[b,c])
line :=line + 1
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end
ed

end
end

end
end

end

endd;

END ;

PROCEDURE DISPLAY1 ( problem casel

VAR
line : integer

BEGIN

go,:,:xy (3, 2);

textcolor (white
write ( 'alternatives: );

fcr line = 1 to problern. rium-,falternatives Dc
beg in

gotoxy ( 4,line + 3
write (line,'. ', proble,.alternatives[line)

end

END

PROCEDURE CORRECTDATA ( var problem : casel

BEGIN

repeat
gotoxy ( 1,: )

*b-_r write ('de, you want tc m:odify the criteria (y/n) 2
Repeat

gotoxy(47,2 )

clreol
read ( answer
answer = stupcase(answer)

until ( ( answer = ' y' ) or ( answer '

if answer = 'y' then
begin

gotoxy(1,4)
write ('enter the tree level C e.g.,2. 1.3 "'

Gotoxy ( 47,4
read (answer2);
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answer2 := stupcase(answer2);
gotc'xy (1, 6
write I name of criteria ',arswera

goto:xy (43, 6);
write (111)
Gotoxy(47,G)
read( arnswerl)
w =
convert ( answer2,w,dl);
al dl
w :=3;

A- convert ( ariswer2, w, dl);
bi dl
w :=5

conrvert ( ariswer2,w, di);
ci : dl,

~if 'cl = -A ) arnd (bi 0 )arnd Cal 00)then,
pr:-bl1em. Leveli a 1] st utpca=se C answer 1.

if ( al ) problemi. levels ) Then~
prosblemi. Levels :=pro'blemi. Levels + 1

j if cl = 0 then
6 begin

problern.Level~tlal,bi] stupcase( ariswerl)
if ( bl > problem.Sublevell [all' ) then
problem. Sublevell Call problem. SUblevel 1 CalJ3+1

end
else
beg in
case al of

1: prcoblen.Level3Ebl,clJ stiupcase( answerl);

3: problem. Level45Cbl, c 13 stupcase( answerl);
4: pro:blerii.Leve S Ib1, cl s tupcase( answert)~
5: Pro'blem.Level 7 bl clJI stupcase(' an~swer!)

end ; rbe.ee7bcJ sucs(asei

i f ( c 1 > prcblem. SublIevel12[a 1, bI I ) t her,
prc'bleri.Sblevel2Cal,bl] :=prc:bleri.3~blevelR-2l,blJ+1;

erid;
gc't.xy C47,2
cireil
gc'toxy (47,4

gc'toxy C47,6
cirecil
al := 0 ;bi 0 ;ci 0

end;
until1 answer = g

END;
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PROCEDURE CORRECTDATA1 ( var problem : casel

BEGIN

repeat~~~g,-toxy ( i,' )

write ('do you want to modify the alternatives (y/n)?)
Repeat
gotoxy(52,2

clreol ;
read ( answer ) ;

answer := stupcase(answer)
-until (( answer ='y' ) or ( ar,swer = 'r' ) )

if a'nswer = 'y' then

beg i n
gotoxy(1,4)
write ('enter the number of the alterrative (e. g., 3) '
Gotoxy ( 53,4
read (answer-2)

answer2 = st upcase (answer')
gc, to xy ( 1,6 ) ;
write (I name of alternative ' , answer-2
gotoxy (33, 6);
write ( '?')

Gotoxy(37,6)
read ( answerl)
val (answer2, a, code)
probleri, alternativesEa] Stupcase(answerl)
goto xy ( 47,2
cl reo l
gotoxy (47,4
clreol
gotoxy ( 47,6
clre,:,l

end ;
unt il answer = '' ;

END;

INCLUDE FILE STEP2

OVERLAY PROCEDURE NORMDEFINITION

VAR

xl,yl, liit : integer ;
count3 : real ;

-. lasthour : strirg[22] ;
pr,:blemnamel rame ;
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BEGIN

window ( 1,1,80,22)
textbackground ( 14
cI rscr

* -. * window C 1,24,80,25)
textbackground ( white
clrscr;
textcolor ( black
gotoxy C 2,1)
write ( ' step 2 group norm definition

window ( 1,1,80,22)
textbackground ( 14
clrscr ;
textcolor ( black

write ( 'name of the group norm I)
gotoxy 25, )

471 write ( '?
Read ( answer
norm. Currentname -= stupcase (answer)
delete ( answer,8,length(ariswer)
normname concat ( answer , ' .Gn'

textcolor C blue

gct- x:,xy ( 2, 4
write ( ' 1. Identification :f gr:,up merbers
textcolcr ( black
gotoxy ( 5,6) ;
write ( 1. 1 Number of group members ( max 3 )
gotoxy ( 52,6
write ( ') I

C,,u0nt3 -= 0 ;
xl := 55 ; yl 6 ; limit := 4
checknumber ( answer , xl,yl, limit,ccunt3
nOrm. NumOfusers :=t runc ( count 3)
for a := 1 to trurc( count3) do
beg i n

gotoxy ( 9,6+a

write (' - name of member # ' , a
gotoxy ( 52,6+a
write ( '2 ' ) ;
G:otoxy ( 55,6+a
read ( answer
rorm. Usersnames[a] stupcase(answer)

end;
gotoxy ( 5, a+7
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write ('1.2 Id of member ' nornl.Usersnames[l]
gotoxy ( 52, 7+a )

., write ( I I
Gotoxy ( 55, a+7)
read ( answer )
norm. Usersids~l] stupcase(answer)

gotoxy ( 2, 12 )
textcolor ( blue
write ( '2. Group decition techniques
textcolor ( black
gotoxy ( 5, 14
write ( '2. 1 Weighted majority rule

* gotoxy (9, 15)
* write ( '- equal weights (y/n)'

gotoxy ( 52, 15
write ( '?

Xl := 55 ; yl 15
identify ( answer xyl ) : 

if answer = 'y' then
. begin

for a := 1 tc, norm. Numofusers do

norm.Weight [a] 1
:. '.-end
):"-"else
":'i' ibeg i rt

for a = 1 to rr. Numofusers do
begin

gotoxy ( 12, 15 + a
write ( - weight for ' ,norm. Usersnames aJ
gto-xy ( 52, 15+a
write ( '?
C,:ount3 0
xl := 55 ; yl ( 15 + a ) limit := 100
checknunmber ( answer , xl, yl, limit, counft3 )

'. ' norm. Weight [a] :=ccunt3;

end
end
clrscr

gotoxy ( 5, 2)
textco1,r ( blue
wr it e 2 '.2 C, I1 ect ive eva 1 uat ion mrode '

", gotoxy ( 8,4

textcolc:r ( black
write ( ' choose ore of the following modes

g.:,toxy ( 10,6)
write ( ' (1> each group member will evaluates

alterratives'
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gotoxy ( 10, 7)
write ( ' according to all criteria.'
gotoxy ( 10,8)
write ( ' <2> Each gr-up mlember will evaluate only

alternatives'
gotoxy ( 10,9)
write (' according to his exclusive area of

expertise.');
gotoxy ( 8,11)
write( ' Enter a number ?

Count3 0
xl := 31 ; yl := 11 ; limit
checkrumber ( answer , x, y 1, 1 i mit , count 3

if answer = ' 1' then
normr. Specialized false

else

r-orm. Special ized true
a :=0 ;
repeat

gotoxy ( 8, 13)
cIreol
write C ' the name of the problem ?'
Read ( answer

delete ( answer ,8, length (answer) )
prnartie := corcat ( answer , ' .Def' )
norm. normramex := prname
Prob emnarlel := answer
until exist ( prname

readproblemfile ;
for a:= 1 to problem. Levels d o
begin

gotoxy ( 16, 14 + a
write ( '- rame of user for critiria

', problem. Level 1 a], ' 

error false
repeat

gotoz, xy ( 54, 14 + a )
c ireol;

read ( answer
answer = stupcase ( answer
For b I t o ro-,rm. rum: urfusers d-,

beg in
if answer = norm. usersnamesIb] ther,

error = true

end
urt i 1 err r
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-- - -

Norm. Specindex [a] answer

end
end;
clrscr

gotoxy ( 5, 2)
write ( '2.3 Autornatic selection of techniques of ')
gotoxy ( 5,3)

write ( ' aggregation of preference (yin)')

gotoxy ( 52,3);
write ( '? '

XI := 55 ; yl 3
identify ( answer , xl,y 1

if answer 'y' then
norm. Agregation := true

e 1 se
or..,- be q i ii

no r rr. Agregat i r= false

a 0
gotoxy ( 9, 5) ;
write ( '- r 1 sum of ranks (y/n)'
gotoxy ( 52,5) ;
write ( ' , ) ;
Xl := 55 ; yl := 5
identify ( answer , xl,yl
if answer = 'y' then

- beg i,
a a + I
norm. Agregat 1 onname I a]

e rd

else
beg i n

a := a + I
norr. Agregatio:rrame al = '

end
gc, t:-xy ( 9,6)
write ('- r-2 sum of outrankirg relat i.rs.

g,. t xy ( 52, 6);
write ( '?
XI := 55 ; yl 6
identify ( answer ,xl,yl

if answer = 'y' then
beg inr

a := a + 1

erdorm. Agregatiornariiela]

else
-. ',...beg i r,

a a + 1

.- '-..



* norm.AgregationnarneCa] 'e' ;
end
gotoxy ( 9, 7) ;

write ('- r3 : additive ranking (y/r)'

gotoxy ( 52,7) ;
write ( ' ) ;

X1 := 55 ; yl := 7
identify ( answer ,xl,yl
if answer = 'y' then
begin

" a := a + 1 ;
norm. AgregationrrarneCa] :' 3'

end

beg i n
a a + 1
r-,-rr. Agregati, -,rrarieFa] := - ;~

.end
gctc,xy ( 9, .3)
write ('- r4 rultiplicative ranking v/r' ;
got,,xy ( 52, 8);
write ( ' 9

XI := 55 ; yl 8
if answer = 'y' then

-.- begin
a a + 1
r,c, rrn. AgregatiornnameCa] ' 4'

end
else
begin

a := a + 1
norm. Agregat icnrare Ca] e'

end
end
gtoxy " 5, 9)
write ( ' 2.4 Autormat ic ccr,,putaticr, cf rai (y/-)
g,-,t,-,xy ( 52, 9);
write ( ' '
X1 := 55 ; yl 9;
identify ( answer ,xl,yl
if answer = 'y' then
rcrrn. Nai := true
else

ncrr,. Nai := false
clrscr
gc, toxy( 2,2)
textcolor ( blue
write ( ' 3. Infcrrnaticn exchange
textcc.,l,,r ( black
gotoxy (5, 4)
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write ( '3.1 Broadcasting of individual outputs (y/n)'
gotoxy ( 52,4);
write ( ' 1
X1 := 55 ; yl := 4;
identify ( answer >(I,yl
if answer = ly' then

norm. Broadcasting := true
else
begin

norm. Broadcasting false ;
end
g:-,toxy (5,5) ;

write '3.2 Permission to modify individual analyses ' )
gotoxy ( 5,6)
write C ' after group analyses (y/n)
gotoxy ( 52,6)
write ? I,

idertify ( answer ,xl,yl
if answer = 'rn' ther,

.orm.Modify := false
else

_0 begin
norm. Mod i fy true

.- gotoxy ( 9,7) ;
write ( '3.2.1 How many times (max 10 )'
gotoxy ( 52,7);
write ( '?
Court3 := 0
checkr, urnber ( answer , X1, yl, lirmit, c,_-unt3
norm. Mod i fyt iries :=trur, c c,,urt3)
if norm. Specialized then,

norm. Modif times = n,-rm. Modifyt imes * normcrr. Nunmofusers
"' end

gotoxy C 5,8
write '3.3 Tirme limit to subrit iridividuals results :
go-, toxy ( 9,9) ;
write ( ' 3. . 1 How many days (max 14 )
go.t:xy ( 52, 9);
write ( '"
Count3 := 0
checkrumber ( answer , xl, yl, limit, court3
norm. Last t i me t runc( count 3)
gotoxy ( 9, 10)
write ( '3.3.2 Hozurs < 1:00 to 24:00 )')

'.." gotoxy ( 52, 10)
write ( 9 ) ;
Gotoxy ( 55, 10)
read ( lasthour

J1. for a : 2 to norm. Nurnofusers do
norm. UsersidsaJ :=X;

END
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INCLUDE FILE STEP2-1

PROCEDURE NORMSELECTION ( VAR X1,Y1 INTEGER

BEGIN

gotoxy ( xl,yl)
write ( ' name of the norm ? ') ;
Repeat

gotoxy ( 23,yl)
clreol
read ( answer
norm. Currentname = stupcase(answer)
normname := concat ( answer , ' .Gri'

until ( exist ( normname

END

PROCEDURE DISPLAYNORM

VAR
messagel, message2 string[80] ;

BEGIN

window ( 1,1,80,25)
textbackground ( blue )
clrscr

textc,-,lor ( white
readnormfile
clrscr ;
gotxy ( 2,2
write ( 'name of the group norm ' , ,,rrn.,,' .
got-xy ( 2,3

write ( ' 1. Idertificatior ,f group raernte-e,
got,:,cxy ( 5,4)
write ( ' 1. 1 Number of gr,,up membet -:

norm. Numofusers)
for a := 1 to norm. Nurmlofusers do
beg in

gotoxy ( 9, 4+a
write (I - name of member # ' ,a

norm. Usersnames Ca)
0! end

gotoxy ( 2,9
write ( '2. Group decision techrtq,tes
gotoxy ( 5, 10
write ( '2.1 Weighted majority rile

a5
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gotoxy ( 9,11)
write ( '- weights of members

for a = to norm. Numofusers do
beg in

g-toxv ( 12 , 11 + a
write ( a, ' ' , Norm. Usersnaries [a] 

norm. We eight Ia] :4:2

end

if norm.specialized then

begin
messagel ' Each group member will evaluate only

alternatives' ;
rmessage2 ' according to his exclusive area :,-

" expertise'
end

elsebe g ii-
rmessagel each group 1 member w i a 1 eva 1 ac,

alternatives'

miiessage2 : acco:,rding to all criteria'
end ;

gotoxy ( 5, 15)

write ( '2.2 Collective evaluation mode ' )
gotoxy ( 9, 16) ;

write ( messagel ) ;
g, t,xy ( 9, 17) ;
write ( riessage2 ) ;

if rorm. specialized then
beg i n

prnarne = rorm. rormnnamex

readproblemfi le
gotoxy(11, 18) ; write ( 'Criteria'
go t., xy (.35, 18) ; write ( ' user name'

.' for a := 1 to problem. levels do
.'... begin

' g, t .:- xy ( 11, 18 + a

write ( problem. levelI[a] )
g o toxy ( 5, 18 + a )
write ( norr. specindexCa] )

end
end
Textc,:-lor ( red
gotoxy ( 2,25)
write C ' hit any key to continue

read ( kbd , ch
Vclrscr

textcolor ( white
got oxy ( 5,3

N N- - ... .V V.." .



write ( '2.3 Selection of techniques of aggregation of
preference : ') ;

if norrn.Agregation then

begin
gotoxy ( 65,3)
write ( ' rl r2 r3 r4

end
else
begin

gotoxy (60,3) ;
for a 1 to 4 do
beg in

case norm. Agregat ionnarneCa] of
'': write ( 'rlI
'2' : write ( 'r2
'3' : write ( 'r3
'4' : write ( 'r4

end*;

end ;

:gotoxy ( 5, 5)
write ( '2.4 Autornatic c:rnputatior of nai
if norm.Nai then

write ( 'yes
else

write ( 'o
gotoxy( 2,8)
write '3. Information exchange
gotoxy ( 5, 9) ;
write ( '3. 1 Broadcast ing of individual out ut st
if norm. Broadcast ing then

write ( 'yes
else

write ( ' no
gotoxy ( 5, 10)
write '3.2 Perrnission to modify lndi viJ iA'

group analysis : I ) ;
if norm. Modify then
beg i n

writelr ( 'yes ' )
write ( ' you care mod i fy t-)e

norm.Modifyt1ries,' tiries
end

else
write ( 'no

gotoxy ( 5, 12)
write ( '3.3 Time limit to submit ir 1dvi ,•"
gotoxy ( 9, 13 ) ;
write ( 'date : ' , rorm. Lastt i,,e
gotoxy ( 9, 14 ) ;
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write "hour ' , 22:30'
tex(tcclor ( red)

write ( hit arty key to cont inue )
read ( kbd , ch

END;

INCLUDE FILE STEP3

PROCEDURE PRIORITYOFCRITERIA

LABEL

telotsx.,tel-:sxl,tel-osx2

VAR

pr -ser 1 *f ii craie2 nartme
error5 boo.:leari

PROCEDURE FINALWEIGHTS;

BEGIN

f or a I t' probl1em. Levels di:
beg in

for b :=1 to problern.SublevelllaJ di:
* beq i n
*vector-2[a, bJ vecto:r2Ea, bJ * vectori [a]
*for c :=1 to problIemi. Subleve 12 a, b] do

begin
case a o:f

1 . vector3[b,cJ vector3lb,c] * vc~.~
2:vect:ar4Eb:, c] vector4Cb, cJ * :' ::r

3: ~ vect-:',r5Eb,cJ : vecto:r-5Eb,cJ * 'Ve Ctrxt.
4: vector6E Cb, c I ~ t:r~~c ~t~
5: vector7Eb,cJ vector-7Cb,c] ecl-

end
end

S0;

b :0;
end

END



PROCEDURE FINALCRITERIAI

BEGIN

numLofcrteria 1=

46,sel1ect criteria (probl1erl, vect or1, vectcr2, vect cr3,
vect cr4, vector5, vect cr6, vectc'r7,
norrnvect cr1, norravect cr2, nurnofcr it er ia

numofcriteria ( nurofcriteria I 1

sort 1 ( rnorrivectorl , riorrnvector2 , ~riofcriteria

finaicriteria (rorrnvectcr1, normvect cr2,nrurfiofcriteria
sol1ut i or. Niuofcr iter ia = rimofcr iter-i a
so' 1 ut i on. Nor-mvect or-2 =ror-mvectcr-2

Sc' 1 Ut i on. Norrmvect cr-1 -norrnvect or 1

so: 1 .it ion'r. Username namiex
if ( not nrmr~. specialized )Then
beg in

if ( not exist ( pruser ))then
begin

so 1a ut i on. Ah p. St at us false
so1ut i on. E 1ect re. St atus false
solIut i on. Ah p. Nurn.f tr ies 0
sol ut ion. Electre. Nuraof tries 0
operisol ut ionfi le (pruser

end;

end
END;

BEGIN (*main *

string 128 := 'tep 3:priorit izat ion ':'f eval uat ion
criteria';

diskstatuts
st r irig 129 idenit if icatjc'on cof t he probl1emri met hods

ah p o:r d irect'
data
'.ritenormfile
read5
readproblerifile
clrscr

r__ if nc'rm.Specialized then
beg in

if ( rot exist ( pruser3 ))then
begin

error5 false
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for a 1 to 3 doi
begin
specfile2.solved[A] 2=false

specfile2.Finalindex~aJ : false
N end;

specfile2.cc'mpleted False
specfile2.Completedall false
operispecfile (pr'..ser3)
writespecfile

el1se
error5 :=true

readspecfile;
vect or I specf i Ie2. vector I
vector2 specfile2.vector2
vector3 specfile2.vector-3
vectc'r4 :=specf ile2.'iector4

9vectc'r5 specfi leE. ve~tc-r-5
vact cr6 specf i laee. vct
vector-7 specfilei?.vectc-r7

repeat
b := b + 1

i-nt i 1 ( rarex =norm. usersnames Eb)
-N specfile2.solved~b] := true

end

If methcidx = 'ahp' then
evaluate ( problemi. Level 1, problem. Levels, vectio-ri

else
direct 1 (problemi. Level 1, problem. Levels, vectc'rl

clrscr;

if ( ( niorr. specialized ) Arid ( errc'rZ) ) then
beg in

fcir a := 1 to problem. levels Do:
vectorl~a3 vectc'rlCa] + specfileE.vectci-r1aJ /.

end;
fc'r m~al 1:1=1 toc probl1emr. Levels do:
begin

if rv:cwri. Special iZed then,
begin

if norrm. Spec iridexEmal 1]3 0 namex then
got: telcisx

end
fo:r mal2 I= to problemn.Sub level I ma 113 dco
begin

vectortanrmnal)23 vectc'r2Cmnal I,ral23
array2Emal2J problemi.Level2Emall,mal~)

ernd
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if raethodx = I ahp' then
evaluate (array2, probl em. Subl evel I Erna1], vect ortar,)

else
direct 1 (array2, problem. Sublevel 1 rIial 1], vectortari

MsalI? :=
f or m~al12 1 t o problemn.Sublevell1 rial 1] do

5.* begin
if norm. Specialized then
begin

if nrrm.Speciridex~rnall) 0 riamex then

goto telosx
end;
vector~Eriall,mal2J vecto:rtanrImal2J

end;
mia12? 02

tel.:sx(:
1" end

for, si 1 to prrobleii. Levels do
begin

if norm.Specialized then

begin
pif norm. Spec index EsI) 0 nriaex then

goto- telosxl
end;
for s2 := 1 to: problem. Sublevel1 Esi] do
begin

for s3 to prblem. Sublevel2[sl, s23 d

beg in
case l o f

1: begin
array~Es3J problemi.Level Cz

4.vectortan~s,) 'ect or3E 2,s37'
end

2.: begi n
arrayals33 problem. Lae1

vectortan~s3] vector4U3.2, S'7]
end

3:begin
arrayEls3 oroblem. Level~ 7

vectortan~s3j vect:.r5ESC.sZC]
end

4: begin
array.~Es33 prclblern.Level6[3,

vectortariEs33 vector61s2,s 52)
end

5:begin
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array2Es3) prc'blem.Level7Ea, s3J
vectc'rtari~s3J vector7Es2,s33

end
end

end;
S3 =0;
if rnethcdx = IMhP' then

-~~~ ~evaluLate (array2, prc'blei. Sublevel2 Esi, s2J,vecto:rtari)
else
directi (array2, problem. Sublevel2Esl,s2,vect'rtan);

clrscr;

for s3 :=1 to problert.Sublevel2Eslqs2] do

begin
if no:rm.Specialized then
begint

if rorm. Specindex~sC 0> rnarex then
ji-tr tyiosx

case sl of ctta sj

1:vector4Es2,s3J vecto:rtan~s3)
3 vector5Es2, s33 vectocrt arCs3j
4 vector5Es2, s3 vectortanEs3)

5 :vector7Es&Ms3 vecto:rtanEs3j
end

end
p.-, end

ta1osx1:
* end

if n ot niorm.Specialized) then
beg i r

firtalweights
finalcriterial

en~d
el1se
beg in

specfileE.vectorl vectori
specfile2.vector2 vector2
specfile2.vector3 vector3
specfile2.vecto~r4 vecto:r4
specfile2.vecto:r5 vector5
specfile2.vecto~r6 vector6
specfile2.vector7 vector7
writespecfile

en~d
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.~ ~ if norm.specialized then
begin

readspecfile
mall :=0
fc'r a :=l to 3 do:
begin

if specfile2E.solvedlaJ then
mall: mall + 1

end

if mall =ncorm.nurncfusers then
begin

vectori : specfile.vect:ri
vector? specfile2.vector2D

vector3 specfile.vector3;

vector4 specf ile,*=. vector-4;
vectorZ5 specf ile2. vectc:r-5;
vect:rr- specf i !L2. vectc-rG,
iect or-7 ~=specfi le.?. vect cr7;
firialweights
firialcriterial
spec f il1e..com pl1et ed true
specf i le.?. normvecto:rl riorrnvecto:rl
specfi le..normvecto:r? ri.rmvect:.r.
for a :=1 to nuriofcriteria do:

begin
for mall :=. to pro'blemn. levels d :'
beg in

if pro blIem. l evel 1 Emia 11 J normivec tor 1 a 3 t
begin

specfi le.nrorrndex EaJ nr.specindex [rail
go:to: telosx2

end
end;
fror ma 11 := 1 to pro:bl em. levels do,
beg in

F'r- mali := 1 to1: p ro blemr. s ubl1v e. 1. [Er a
beg i ri

i f problIeril. 1 eve I~ E2mal 11, ma 1.2J ricrrilv2c
* beg i n

specfile?.nc:rriirdex~aJ cm ocrei
4. .d go:to telosx?

end
end

end;

For si I= to: problem. Levels do
begin

for s2 1 to prc'blem.SUblevell~sl] r,
beg i r
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for s3 := I to problem.Sublevel2[sl,s2] do
begin
case sI cf
1: begin

if problem. level3 [s2, s3] r-rmvectorl [a]
Then begin
specfi e2. ncr-riiindex [a] : =norm. specindex IS1 ]j
goto telcsx2 ;

end
end
2: begin

if problem. level4 [s2, s3] = normvect cr1 [a]
2: then begin

specfi le2. ro rminidex [a] : norrt. specinde i •
got, telosx2
end

end ,
: beg in

if prbl m. 1 e15 e s 3] = r-,riI.vect or- [a ] en
beg i n
specfi I e2. rcrlirdex [a] : =ncr. speci rida> x 1

g 1: t t e i c, ;
end

end
4: begin

if prc blem. level6 [s2, s3] nc, ravectcr 1 [a]
then begin
specfi le2. ncr irindex [a] rorm. sDeciridex IS 7

'D gc'' telt, sxz

"end
end
5: begin

if problem. level7[s2, s3]=ncrmvectorl 'a]
beg i r,
specfi 1e'. normiridex [a] : rrrn. 3ec '-,d e ,, 7

Z ' . '  g ,t o t e Io s x ;

end
V.. end

end
end

end
end

tel :sx2:
end
specf i 1e2. nuric, fcriteria := r -,rc fcr it er -
specfi Ie2. rn r:, falternat ives := prolem. r, .i ,ofa it er -,ai
specfile2.alternatives := pr cblem.alternatives
writespecfile
ernd
end
END
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INCLUDE FILE STEP3-1

OVERLAY PROCEDURE EVALUATE (var array2:title;var, w :i.nteger-;
Varl vect:rtan v ec t s~J

LA~BEL

ertl,e-rt3

CONST

c 1trnt 3

VA R

t. 3 c.d,32,f . p-, -11'bl,

score, answer3, i nt egeri1 real1
ar-ray5, vect orbase, e xch an ge3 :vectorsl
st :string 13]
ch :char;
larodal, vecto:r-2 :atrray 11.. .50] of -real

* exchange4 :array l.. 20] of niame
rnatrix-, resu-lt, riatrix<- ar-ray [1. .2;0, 1. .11,01 .- f
inswer-4 :namie

PROCEDURE INFO
BEGIN

w i rdo.,w (1, 13, 80, 23
text bac!-gr-urtd (14)
textcolor( r-ed
go-to:xy (1, 6)
wr-itein ( "'note be as accurate --As 3i~e

gr-eater- thar, I e.rq, 2. 45
Writeir ( 'a possible scale f:r- iriexirt 1:
wr-itein ( weakly irop-'rtarit tt- Ars

moore importan t h"Ar
writein ( 7 =v e ry s tro n gIy ro re r o

* absol utely more imp. than'
END,

BEGIN (*main *
w indow ( 1, 1, 50, 12
text backgr-ouid (b 1ue)
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window (51, 1,80, 12);
text background ( white )
clrscr ;
window (1,13,80,23 );

textbackground(14)
clrscr ;

window (1,24,80,25 );
textbackground (white)
clrscr ;
textcolor ( black
gotoxy( 2,1) ;
write ('step 3 :prioritization of evaluation criteria ')
gotoxy( 2,2) ;

wrrite ( 'method - ahp ) ;
levelsl := w ;
if levelsl 0) 0 then
beg in

window ( 1, 1, 50, 12
text background ( blue)
ci rscr;

window (51, 1, 80,21)
textbackground ( white
clrscr

window (1, 13, 80,23 )

text backgrcund (14) ;
clrscr ;

if w = 1 then
vectortanEw] 1

if w = 2 then
begin
window ( 1,1,50,12
textbackgro'und(blue);
textcolor ( white )
vectorbase := vectortan
levelsi := w

gotoxy ( 1,I)
write (' pairwise comparison );

go t-, xy ( 10, 3 ) ;
for al := 1 to levelsi do

write ( copy( array2[al], 1,5) , '
for al := 1 to levels1 do
begin

gotoxy (2 ,3+al );
write (copy( array2[al], 1,5)

end
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window (51,1,80,21);
textbackground ( white
textcolor( 0
gotoxy (1.1)
write ( ' priority vector
for al :1 to levelsi do
begin

gotoxy ( 2 ,3 +al );
write (copy( array2Eal],1,16)

end;
for a := 1 to levelsl do
begin

gotoxy(20,3 + a
write ( chr ( 179 ) )

end ;

for a := 1 to levels1 do

begin
r-,gotoxy(27, 3 + a

write ( chr ( 179 ) ) ;

end ;

window (1, 13,80,23 );
textbackground (14)
clrscr
textcolor( black
gotoxy( 2,2);.

write ( ' is ',array2 []' 1, cre important than '

array2E2] (y/n) ?
Repeat

gotoxy ( 75,2 )
clreol
read ( answer )

answer := stupcase ( answer
unt il ( ( answer = 'y' ) or ( answer 'n'

if answer = 'y' then
beg i n

:gotoxy(2,3) ;

write ( 'how many times is ' ,array2El],' more
important than ',array22] ,' 2 ')

G'toxy ( 2,4)
write ( ' ( see note below ) ' ) ;

inifo;
textcolor ( black
repeat

gotoxy(75,3);
clreol
read ( answer
val ( answer, answer3, code )

until ( ( code = 0 ) and ( answer3 > 0
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vectortan:1] : ((10 / (answer3 + 1.) * answer3)/10 ;
vectortan[2] := ( 10 / ( answer3 + 1 ) ) / 10
window ( 1,1,50,12 ) ;
textbackground(blue) ;
textcolor ( white

got oxy ( 18, 4 )
write ( answer3:4:2)

gotoxy( 10 ,5 );
write ((1 / answer3):4:2

end

else
if answer = 'n' then

begin
gotoxy(2,3)

write ( 'how many times is ',array2[2],' more
important than ',array2El], ' ? )

gotoxy ( 2,4) ;

-Awrite ( ' ( See note below I

info
te -color ( black
repeat

gotoxy (75, 3)
clreol ;
read (answer);
val ( answer, answer3, code

until code = 0 ;
vectortar,[2 = ((10 /(answer3 + 1) ) * answer3 )/10;
vectortan1l] := ( 10 / ( answer3 +1 )) / 10

window ( 1,1,50,12
textbackground(blue)
textcolor ( white ) ;
gotoxy ( 10,5);

write ((/ answer3):4:2)
go:toxy( 18,4) ;
write ( answer3:4:2

end ;
window (51, 1,80,21);
textbackground ( white
textcolor< black ) ;
for al := 1 to levelsl do
beg i n

gotoxy(22,al+3) ;

write ( ( vectortanEal]):5:3
end

window (1,13,80,23 );
textbackground(14)

clrscr
textcolor ( black
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for al := 1 to 2 do
begin
gotoxy ( ( ( 5 * al )) , 9 )
write (copy( array2[al],1,3)

end

for al := I to 2 do
*4 begin

gotoxy ( ( ( 5 * al )) , 10
write ( (vectortanEal]):3:2

end ;
textbackground ( green

for al := 1 to 2 do
begin
gotoxy ( (5*al ),8)
write ( '

end ;
for al := 1 to 2 do
beg i n

Sgctoxy ( (5 + ( 5 * al )) 9 )

if(round(vectortan~al] * 10 ) > 7 ) then
istograrn 7

istograrn := ( round ( vectortanlal] * 10)
for bl := I to istogram do
begin

gotoxy ( ( ( 5 * al )) ,(9 -bl)
write ( ' ') ;

end
.' end

.. textbackground ( 14
textcolor ( black

i gotoxy (2, 11 ) ;

write ( 'hit any key to continue
read ( kbd , ch

end

if w > 2 then
begin

for a3 := I to 5 do
matrix2[a3,a3] 1

'i ~windcow ( 1, 1,50, 12 ;

textbackground(blue)
textcolor ( white
vectorbase := vectortan

levels1 := w
gotoxy ( 1, I)
write (' pairwise comparison ')

gotoxy ( 10,3
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for al := 1 to levels1 do
write ( copy( array2Eal],1,5) , '

for al := 1 to levels1 do

begin
gotoxy (2 ,3+al );
write (copy( array2Cal,1,5)

end ;

window (51,1,80,21);
textbackground ( white ) ;

textcolor( 0 )

gotoxy (1,i) ;
write ( ' priority vector
for al 1 to levelsl do

begin

gotoxy ( 2 ,3 +al );
write (copy( array2Eal],1, 18)

end ;

Fc, r a 1 to 1evelsl dio

begin
gotoxy(20,3 + a

write ( chr ( 179

end

for a := 1 to levelsl do

begin
gotoxy(27,3 + a

write ( chr ( 179 ) ) ;

end

info

V' textcolor ( 0

for a := 1 to ( levelsi - I ) do

begin

criterial := array2[a;
for b := I to ( levelsl - a ) do
begin
criteria2 := array2[a+b]

repeat

gotoxy( 1,2
write (' is ',criterial,l more important than

criteria2 ,' (y/n) ? ')_ Gotoxy (77,2 )

clreol

read ( answer ) ;
answer = stupcase ( answer
clreol

until ((answer = 'y') or ( answer = n ) ) ;
if answer = y' then
begin
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gotoxy ( 1,3 );
write ( 'how many times is ',criterial:5,' more

important than ', criteria2:5 , );

gotoxy ( 1,4) ;
write ( ' ( See note below ) '

repeat
gotoxy( 77 ,3
clreol
read ( answer
val ( answer , answer3 , code ) ;

until (( code = 0 ) and ( answer3>0) ) ;
matrix2[a,a+b] answer3 ;
matrix2Ca+b,a] := ( 1 / answer3
amatrix2[a,a := I

window ( 1,1,50,12
textbackground (blue);
textcolor ( white ) ;
gotoxy ( ( 2 +( (a +b ) * 8 )) 9 3 + a
write ( answer3:4:2> ;
gotoxy( 2 + (a * 8 ) ,( 3 +( a + b ) ) );
write ((I / answer3):4:2

end;
if answer = n' then
begin

gotoxy ( 1,3 );

write ( I how mary times is ,criteria2,' more
important than ', criterial:5 ,' ');

gotoxy ( 1,4) ;
write ( ' ( See note below )'

repeat
gotoxy( 75 ,3)
clreol ;
read ( answer
val ( answer , answer3 , code ) ;

until (( code = 0 ) and ( answer3 > 0)
matrix2[a,a+bJ :=(1/ answer3)
rnatrix2Ea+b,a] : answer3
matrix2Ea,a] :

window ( 1,1,50,12
text background (blue);
textcolor ( white
gotoxy ( ( 2 +( (a +b ) * 8 )) , 3 + a

write ((I/ answer3):4:2) I
gotoxy( 2 + (a * 8 ) , C 3 +( a + b )
write ( answer3:4:2 )

end ;

window (1,13,80,23 );
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text background (14)
textcolor ( black

gotoxy (1,2 ) ;
clreol ;

gotoxy (I,3) ;
clreol
gotoxy (1,4 ) ;
clreol

end;
end

nmatrix2Elevelsl, levelsl] I

ertl:

rmatrix3 =matrix2
for a3 := 1 to count do
beg i r

for b3 : 1 to levelsl do
begin

j - for c3 := 1 to levelsl do

array5[c3] := matrix2Eb3,a3]

for h3 := 1 to levels1 do

begin
score := 0

for k3 : 1 to levelsl do
begin

integer1 := array5[k3] * ratrix2[k3,h3]
score := score + integerl ;

end ;

result [b3,h3] score
end

end ;
matrix2 := result

end ;
result :=matrix2

4. for p3 := 1 to levelsl do
begin

row := 0
for f3 := 1 to levelsl do

row := row + resultCp3, f 3]
vectorbaselp3] := row

end,
row1 0 ;

.*4 for p3 1 to levelsl do
rowl .= rowl + vectorbaseCp3;

for p3 := 1 to levelsl do
'"-" vectcrbase~p3] . vectorbase~p3] rowl;

window (51, 1,80, 21) w
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textbackground ( white )
for al := 1 to levels1 do
begin

gotoxy(22,al+3)
write ( vectorbaseEal]:5:3

end

window ( 1,13,80,24 ) ;
*i textbackground(14)

integer1 := 0
for al:= 1 to levelsi do

begin
score -0
for bl 1 to levelsl do
beg i n

integer1 := matrix3lal,bl] * vectorbase[bl]

sccre := score + integerl
, and ;

lamdal[al] := score
end ;
integerl := 0
for al 1 to levelsl do
begin
vector2Eal] := larndallal] / vect°-,rbaseEal]

integerl : integerl + vector2[al]
end ;

larmda : ( irtegerl / levelsl
if levelsl 1 then

levelsl :=2

ci := ((lamda - levelsl) / (levels1 - 1 ))
case levelsl of

1: ri : 0.00000000001;
2: Ri : 0.00000000001
3: Ri 0.58
4: Ri 0.90
5: Ri 1.12
6: Ri := 1.24
7: Ri := 1.32
8: Ri : 1.41
9: Ri : 1.45
10: Ri : 1.49
11: Ri : 1.51
12: Ri : 1.48 ;
13: Ri : 1.56
14: Ri : 1.57 ;
15: Ri : 1.59

end
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cr :ci /ri

t ext background ( 14)
clrscr;
vectortan :=vectorbase

repeat
cournt1 0
for a 1 to ( levelsi 1 )do
begin

if vectc'rbase~a3 vectorbasela+1J then
begin
exchange3[aj : vectorbaselaJ
vectorbase~a3 vectorbase~ai13
vectorbase~ai13 : exchange3Ea3
exchange4Ea3 := array:'Ca3
arrav~Ea] : array~Ea+1J
arravy Ea-t- 1] := xcharnga4 aJ
cc urt 1 count 1 + 1

end
end;

LintilI countl1 0

for al := 1 to' levelsi do
begin

gotoxy (( 5 *al )) 9'
* write (co:py( array2Eal],1,3)

end;
for al := 1 to levelsi do
beg in

gcotoxy (((5 *al )),10

write (vectorbaseEai):3:2)
end;

textbackgrourd ( green
for al := 1 to levelsi do
begin

gotoxy 5 al ),a
write(' ')

end

f:'r al := 1 tc' problern.Levels do:
*-qi begin

gcotoxy ((5 + ( 5 * al )) ,9)
:if Cround ( vectortanfal) 10 ))7 )then

istogran 7
else

istogran round (vectortarEa13 10
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for bl := 1 to istograrm do
begin
gotoxy ( ( 5 * al )) , (9 -bl)

write ( ' ' ) ;
end

end

textbackground ( 14
textcolor ( blue )
gotoxy ( 36,1) ;
write ( '** lamda max = ', lamda:4:2
gotoxy( 36,2
write ( ' consistency index = ' ci:4:2 )

gotoxy (36, 3)
write ( ' randomized index = ', ri:4:2 )
gotoxy (36,4);
write ( ' consistency ratico ', cr:4:2 )

.4otoxy

write ('** there is sormie statisticall)
gotoxy( 36, 7) ;
write ( ' i ncons i st ency irn your eva 1 uat ion.' )
Gotoxy(36,8);
write (' (study highlighted values for ')
gotoxy (36, 9)
write (' pro-,bable inconsistent evaluatio, n)')
textcolor ( black

for p3 := 1 to levelsl do
beg i n

fo-r f3 := 1 to levelsl do

begin

result [p3,f3 : 0
matrix2[p3, f33 0

end

end

:gotoxy (2, 11);
textcolor ( blue);

write(' do you want to modify the evaluat ion cf the
criteria (y/n)?

'-. Textcolor ( black);
repeat

gc tcxy( 65, 11
clreol

read ( answer
answer stupcase ( answer

until ( ( answer = 'y') or ( answer = 'r,'
window (1,13,80,23 );
textbackground (14) ;
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if answer = 'y' then
begin

clrscr
error = f:_se
repeat

goto:xy ( 2,2)
clreo 1
write ( 'name of the first criteria ? , ) ;
Read ( answer ) ;
answer = copy(answer, 1,4)
answer 2= stupcase ( answer ) ;
for al:=l to levelsl do
begin

answer4 := copy( array2[al], 1,4)
if ( answer4 = answer ) then

error = true:
end;

-A/'.t i 1 error

A t?

a := a +1
Wanswer4 := copy( array2EaJ, I, 4)

'unt i I ( answer = answer4
criterial := array2[aJ

ert3:.
error := false

repeat

gc:,tc:,xy ( 2, 3)
clreol
write ( name of the second criteria ?
Read ( answer

answer := stupcase ( answer )

answer copy(answer, 1,4) ;
for bl 1 to levelsl do
begin

%'.' answer4 := copy( array2Ebl],1,4)
if answer4 = answer ) then

er-,r := true;
.V. end;

unt i 1 error
answer4 := copy ( criterial, 1,4)
if ( answer = answer4 ) then

goto ert3

b :=0
I? i! repeat

b := b +1
answer4 := copy( array2Eb], 1,4)

'unt i ( answer4 = answer
criteria2 array2[b]
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window ( 1,1,50,,12
text background (blue)
matrix2 := matrix3 ;
textcc'lor (red + 16
g t:, xy 2, 2+," b * 8 )), + a)

write ( rlatrix2[a, b] :4:2

textcolor ( black
,~ ... " window (1,13,80,23 );

text background (14) ;
clrscr
repeat

gotoxy( 1,2

write ( is ' ,criterial , more important than
criteria2 ,' (y/r) I

Gctoxy ( 75,2
C i reol

""2ad ( Answer
answer := stupcase ( arsw-er
c ! re, 1

unti3 ( ( answer - 'y' ) or ( answer n '
if answer = 'y' then
begin

gotoxy ( 1,3 );
write C ' how many times is ',criterial,' rmore

important than ', criteria2 , ' );
gotcoxy C1,4)
write ( ( See note below

Sinf,-, ;
repeat

gotoxy( 75 3 )
cIreol ;
read ( answer )
val ( answer , arswer3 code

lntil ( code = 0 ) and ' arswer3 > 0
*matrix2[a, b] answer3
r.atrix2[b, a] I 1 / arswer3
matrix2[a, a] 1
window ( 1, 1,50, 12
text background (blie)

;. textcolor C white

g,--t,-,xy ( . 2 +( b * 8 )) , 3 + a
write ( arswer3:4:2)

gotoxy( 2 + (a * 8 ) ,3 3 + b ) );
write ((1 / answer3):4:2

end;

wi nd, w (1, 13,80,23 )
textbackground (14) ;
textc:'lor ( black
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if answer = 'n' then
beg i n

gotoxy ( 1,3 );
write ( ' how many times is ', criteria2,

" m:,re important than ', criterial ,

.. gotoxy ( 1,4) ;
write ( ' ( See note below '

info ;
repeat

gotoxy(75,3
clreol ;
read ( answer
val ( answer , answer3 , code

41 until ( ( code = 0 ) ard ( answer3 > 0
matrix2[a,b] :=(l/ answer3)
ratrix2[b,a = answer3
matrix2[a,a] := ;

window ( i,1,5 ,12 )
text backgr-urd(blue) ;
g,:,toxy ( (2: +( b * 3 ) ) + a
write ((I/ answer3):4:2) ;
gotoxy( 2 + (a * 8 ) , (3 + b
write ( answer3:4:2 )

end ;
window (1, 13, 80, 23 );
textbackground (14) ;
gotoxy (1,2 ) ;
clreol ;
g,:toxy (1,3 ) ;
clreol

goto ertl

end
end;

do i"rwirdow (1, 1, 80, 25)
gotoxy(i, 1)

end
END

. OVERLAY PROCEDURE DIRECT1 (var array2:title;var w:integer
var vectortan vectorsl

LABEL
ertl,ert3
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CONST

count =3

VAR

a3, b3, c3, d3, h3, k3, f3, p3,1, al, bl,
levelsl, i,countl, istograra : integer
row,rowl,lamda,ci,ri,cr,
score, answer3, integerl : real
array5,vectorbase,exchange3 : vectors;
st : string [93
ch : char;
larndal,vector2 array [1..50] of real
exchange4 : arrayll..20] of name ;
rnatrix2, result,rnatrix3 array El..20,1 .. 20] of real
answer4 : name

PROCEDURE INFO
BEGIN

window (1, 13,80,23 )
textbackground(14) ;
clrscr ;
textcolor( red )
gs, toxy(l, 10)
writeln ( ' "note : be as accurate as possible

-- any # between 0 and 10 e.g, 2.45 ')
Writeln ( ' a possible scale for inexact is
writeln ( ' 3 = weakly important than ,5 = strongly more

impcrtan than ') ;
writeln ( 7 = very strongly more imp. than

9 = absolutely more imp. than' );

END ;

BEGIN (* main *)

window ( 1, 1,50, 12
text background(blue)
clrscr;

window (51, 1,80,12);
textbackground ( white

clrscr
window (1, 13,80,23 );
text background (14)
clrscr
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window (1,24,80,25 );
text background (white) ;
clrscr ;
textcolor ( black )
gct,-xy( 2, 1) ;

%'. write (' step 3 priorit i zati.:r, iof eval uat ion criteria'
gotoxy( 2,2) ;
write ( 'direct input of criteria weights ')

levelsl := w ;
if levelsl > 0 then
begin
window ( 1,1,50, 12
textbackground (blue)
clrscr;

window (51, 1,80,21)
textbackgro und ( white
cLrscr ;

ri d rdow (1, 13, 80, 23- ) ;,

textbackgrourid(14)
clrscr ;

if w = 1 then
vectortan[w] 1

else
begin

for a3 := 1 to 5 do
rfiatrix2Casa3, I

window ( 1, 1,50, 12
text background (blue);
textcolor ( white ) ;

vectorbase := vectortan;

levelsl :=w
g-,t,--,xy ( 1,I)
wind ow (51, 1,80,21);

textbackground ( white
textcolo:'r( 012
gotoxy (1, 1)
write ( ' priority vector
for al 1 to levelsl d,-
begin

gotoxy ( 2 3 +al
write (copy( array2[al], 1,18)

end
for a := 1 to levelsl do
begin

gotoxy(20,3 + a )
write ( chr ( 179

end
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for a := 1 o levelsl .do
begin

gotoxy(27,3 + a
write ( chr ( 179

end

ert,1:info
textcolor ( 0
gotoxy (2,2)
write ( 'enter the weights of the criteria ' ) ;
for a := I to levelsl do
begin

gotoxy ( 2 , 2+a
write ( array2a] , ' )

end;

for a := 1 t., levelsl d o
beg i "r

repeat
g.:.toxy ( length (array2[aJ)+5 2+a
c1reol
read ( answer
val ( answer , answer3 , code )

until (( code = 0 ) and ( answer3 > -1 ) and
(answer3 < 11) )

vectorbasela] := answer3
end

rowl 0
''for p3 := 1 to levelsl do

rowl := rowl + vect,:,rbaseCp3]
for p3 := 1 to levelsl do

vectorbaseCp3] : vectorbase[p3] / rowl

window (51, 1,80,21);
text background ( white
for al := 1 to levels1 do
begin

gotoxy(22,al+3)
write ( vectorbaseCal]:5:3 ;

end ;

window (1, 13,80, 23
textbackground(14)
clrscr ;
vectortan := vectorbase
repeat
count1 : 0

for a I to levelsl - 1 ) do
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begin
if vectorbaseEa] < vectorbase[a+1] then
begin

exchange3Ea] vectorbase~a;
vectorbasea]= vectorbaseCa+l]
vectorbase[a+l] := exchange3[a]
exchange4[a] := array2[a]
array2laJ := array2[a+J
array2[a+1] := exchange4[a] ;
count1 := count1 + 1

end
end;

unt i 1 count 1 = 0

for al := 1 to levelsl do
begin

gotoxy ( ( ( 5 * al )) , 9
Srite (copy( array2Ea ], 1.3)

rd

for al := I to levelsl do
begin

gotoxy ( ( ( 5 * al )) , 10 )
write (vectorbasetal]:3:2) ;

end

textbackground ( green
for al := 1 to levelsl do
beg i n

gotoxy ( ( 5 * al ),8
write ( '

end

for al := 1 to levelsl do

beg in
gotoxy ( (5 + ( 5 * al )) ,9
for bl I to round ( vect., rbase~al] * 10 d,

.' ' begin
gotoxy ( ( (9 -bl)
write '

end;
end

go -:, toxy (2, 11)
textbackgr,-,und ( 14
textcclor ( blue )
write(' do you want to modify the evaluation of

*.. the criteria (y/n) ? ') ;
Textcolor ( black);
repeat

gotoxy( 65,11 ) ;
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cireol
read ( answer)

Vanswer =Stlupcase ( answer
unt i I ( (answer = ') or (answer ='r'l

'M i ndow ( 1, 13,30, 23)
text backgr':Und (14);
if answer = y' then
begin

clrscr
goto erti

end

end
and
END

INCLUSE FILE STEP3-2

-EC-DURE SELECTCR:T-ERIA (var p rc oe m :-As-el
Var vectcrl 1 vect :rs I
var v e ct :r2, vec t .cr-3

vector4, vector5,
vector6, vectcmr7 :vecto:rs

var norrnvectcirl :vectorg
var rnc'rnvectc'r2 vectorn
'iar num:fcriteria integer

VAR

f, a, , c :integer-

normvectcor5 :vectorg;
norr'vector6 :vectc'rn
nuriicfcriterial: integer

BEG IN

for a := I t.: 125 do
begin

nr:rrivector2 [a] 0
no:rrmvectozrl [a)

end
f :=umcfcriteria;d

if problem.Sublevell[aJ 0 then
begin

ncirrvectorllf3 prcsblen. Levell [a]
nto-rmvect,r2~[f) vectorlla3;
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f := f + 1
end
else
beg in

fori b:= I to problea. Sublevel 1 aJ do:
begin

if problern.Sublevel2Ea,bJ = 0Z then
begin
normvectorllfJ problern.Level2Ca, b3
norrnvector2Cf3 vector2Ea,bJ
f :=f + 1

end
else
beg in

for c := 1 to prcobler.Sublevel~Ca,bJ do
beg in
case a 'zf

1: beg i n
!'i:rmlvect ZriF -.~J=ocl m a. b.

'ic''mvct'z3 CJ act-::r3Cb,c]
f :=f +1;
end;

2: begin
normvectorl~f] prcblem.Level4Cb,cJ
normvectc'r2Ef) vector4Cb,c3
f :=f + 1
end

3:beg in
ri.:rrnVeCt:'rl CfJ problem. Level i 1b, c]
nc:.rmvect,:.r_ f) vecto:r5C b, c
f :=f +1;
end;

4: begin
no:rvectorl Ef] problern.Level6lb,cJ
nrmnvect :ra Cf) .vect-:,r6ECb, c
f :=f + 1

I...".end ;

5: begin
niorrnvectcrrl Cf] pro~blem. Level 71b, cJ

* ~norrnvecto.ri Cf J vectocr7 Cb, c]

f := f + 1
en;end

end;
SF 4 . end;

erd;
end

en;

murnofcriteria :f

END;
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PROCEDURE FINALCRITERIP var normvectorl :vectorg

var riorrnvecto:r2 :vectorn
var rnurso:fcriteria :integer

VAR

a, b, number, start point :integer
- sum, precent :real

-answer :char;
numofcriterial: integer;
normvector5 :vectorg

nornivector6 :vectorri

PROCEDURE WRITECRITERIA;

VAPR

BEGIN
win~dow ( 1, 1,80, 15)

* textbackground ( blue
textcolmr ( white
clrscr;

-'a gotc'xy ( 3,2)
"awrite ( 'the final criteria 9', rnurof criteria 9

and their weights are 9

gotc'xy ( 1,4

nuraofcr it er ia 1 riurn':fcrit eri a
n':rrnivect cr5 =ncorrmvect or 1
nricrrvectocr6 =norrnvect or2
for a 1 to niurofcriteria do

sumn surn + ni':rrrvectc'r2CaJ
for a I= to rnumofcriteria do
beg in

r.:'rrvector2 Ca] nrmrvecto:r2 [a] sumi
end;
I i nex 3 ; rr-,w x 2
f :r a =1I to numsofcrit er ia dci
begin

if (line)( > 13 )then
begin

linex 3
rowx 45

end
gotoxy Crowx,linex
write (a,9. ,Normvectosrl~a], nc'rmvectc'r2[aJ :4::2
linex :linex +- 1

end
END;
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BEGIN (* main *)
window ( 1,1,80,15)
textbackground ( blue
clrscr

windo-,w 1 1, 16,80,23)
textbackground ( 14
cirscr

window ( 1,24,80,25
textbackground ( white
clrscr ;
textcolor ( black
gotoxy ( 2,1 ;
write ('step 3 :prioritization of evaluation criteria ')
got':xy (2,2)
write ( 'determine the riumber of the criteria

-St art p: i rt u= r, urmfcrit 2 ia
writecritearia

window ( 1, 16, 80, 23)
textbackground ( 14
clrscr
textcolor ( black
gotoxy ( 2, 2)
write ('do you want to- reduce the rurnber of the

criteria (y/n)? I

Repeat
gotcoxy (63,2)
cIreol
read ( answer
answer = stupcase ( answer

until ( ( answer =' y' ) or ( answer = 'r'

V "repeat
if answer = then
begin

.otgotoxy( 2,2) •
cireol ,

write ' you have two methods
gotoxy ( 4,4) ;
write 1 1. Define the number of the

criteria that you want t, use I
gotoxy C 4,5)
write C ' 2. Define the sum ( % ) that you wish
g':,toxy ( 2,7
write ('rethod that you wish (1 or 2) ? I
Repeat

gotoxy( 50,7);
clreol ;
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read (answer
unt il answer =I 1 or ( answer = '29

if answer = 'I' then
begin

gotoxy ( 2,2)
write ('the number of the criteria that you wish

(up to',startpoint , ' ) ?
Repeat

gotoxy (60 ,2
clreol
read ( number )

until ( number < startpoint
numofcriteria number

end ;
if answer = '2' then
begin

clrscr
gotoxy ( 2,2
write ( ' rter te value '.) that ,/r-.A'iJ •

read ( precent

a 0
Arepeat

a := a + ;
sum := sum + ( normvector2[a] * 100
b := a ;

until ( sum > precent
numofcriteria ( b - 1)

end
end ;
writecriteria

window 1, 16, 80, 23) ;
clrscr
textcolor ( black
got,:,xy ( 2,2 ) ;
write ('dc, you want to change the number of the

criteria (y/n) " 9
Repeat

gotoxy (70,2)
read ( answer
answer := stulpcase ( answer

. untii (( answer ='y' ) or ( answer = ' r'
if answer = 'y' then
begin

, numofcriteria :numofcriterial
normvectorl normvector5
rnormvector2 normvector6 ;

clrscr
end ;

until answer = 'n')
END;
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% INCLUDE FILE STEP4

PROCEDURE SOLVEWITHAHP;

LABEL

telos3x

PROCEDURE DISPLAYFINALS ;
BEGIN

window (1,1,80,23)
textbackground ( blue
clrscr ;

window (1,24,80,25)
textbackgrour d ( white
c I rscr

4 eaxtcol:r ( black
qotoxy ( 2, 1)

if index then
write ( 'step 5 direct input of the weights'

else
. write ( 'step 4 individual evaluation of

alternatives')-,

gotoxy 2, 2)
write C ' final result'

window (1,1,80,23) ;
textbackground ( blue
clrscr ;
textcolor ( white

gotoxy C2,3 ) ;
write C final solution

for al 1 to problem. Nuraofalternatives do
beg i n

textcolor ( white
gotoxy C C C 5 * al )) , 19
write C copy( problem.AlterrativesCalj,1,3)
gotoxy 5 ( * al )) 20

* textcolor ( red
write ( altvector1[al]:3:2 ) ;

end

textbackground C red
for al :I to problem. Nurnofalternatives do
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begin
gotoxy ((5 + (5 *al ) 17

end;
ant 1 1 count =0

-N END ;

BEGIN (* main *

if index then

begin

alternativesi : problem.alternatives

EvaluateS ( alternativesi , altvector

problemn. Nrnofalternat ives, norrivectorl. ax)

alternativesx 2=problem, alternatives
,Altvectorx altvectc'r
aA at vect or 1 = altvector

Enrd
else
beg i n

if norrn.Specialized then
aitmatrix := specfile2..Pltmatrix

if indexE then
begin

for ax := 1 to numofcriteria do
beg in

if norm.specialized Then
beg in

if specfile2.normindex~axJ () niamex Then

* - S end;

alternativesi := probiern.Plterrnatives
evaluatel ( alternatives. , altvector

pro--bl1emi. Numonfait erniati yes
normavectc'rl, ax)
for b 1= to pro:blemn. Numotifaiternriat ives do.

t 1:S3X aitmnatrix C b,ax I altvector~bl

end
if norrm.Specialized then
beg in
specfile2.Electre.Nurnoftries

solut ion. Electre. NIAmoftries
specfile2.Electre.Status := solution.Electre.Status;

EU Sspecfile2.Php.Status :=solution.Php.Status

U specfilea.Php.Numoftries:= solution.Php.Nurnoftries;

- -specfile2.Altmoatrix :aitmatrix
writespecfile
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end
end

-P else

beg i r
alternativesl probleni.Alternatives

: :directaa ( alternativesl lvco
7-probl1erm. Nutrtcfal ternat i es, norrnvectar 1,ax()

if norm.Specialized then
begin

specf ile2. Electre. Nucf tries
sol1ut i on. Elect re. Nurnof t ries

specfile.Atraiatrix aitmatrix

end
end

iT rnot norm. ~~ca zdthert
sort resu 1it

else
beg in

b i

for a 1 to 3 do
begin

* -if specfile2.Finialindex~a] then
b :=b + 1

* end
if b =norm. NAMOf USers then
beg in

~. 'P.sort result
- -speefile2.Coriipletedall true

end
* end

,,. .. ~.end

if no:t norm. Specialized then
displayfinals

9W else
beg inr

if specfi le2. Coripletedal 1 then
beg i n

displayfirials
specf ile2.Ahp. Status -true

*vspecfile2.Nurnofcriteria := nuricfriteria
specfile2.Normvector? normavector2
specfi le2. Ncrrvectorl norrnvectcorl
specfile2.Niurnofalternatives

prc'bl1em. Numofait ernati yes



writespecfile
answer concat ( 1 Inta
p rob In a me concat ( probInama answer

end
end

END;

PROCEDURE COMPUTEPLTERNPTIVES

LABEL

telos6

PROCEDURES ALLUSERS

LABEL

BEGIN

if methodx 'electre' then
begin

count ires := sol Lit ion. Electra. Nurnof tries
if rorrn.Modify then
beg i n

if countirnes (norm. Modi fyt imes then
beg in
coint ies =count i res + 1

sol 'ition. Electra. Stat us := true
solut ion. Electra. Numftries =cou~nt irmes
electra

arid
ae1se

o1rscr
otoxy (j 59)

write (' you cant modify your outpout
p gotoxy (5, 10

wr-i te h 'i t any key to cont irnue
read (kbd, ch
gc't-: telos6x

end;
arid

* else
beg in

if couritirnes =0 then
.1 beg in

counti ries =count imrns + 1



c lrscr
solution.Electre.Status true
solut ion. Electre. Numoftries := countimes

electre

end
else
begin
clrscr
gotoxy ( 5,9)

write ( 'you cant modify your output
gotoxy ( 5,10

-* " write ( 'hit any key to continue '

read ( kbd,ch
goto telos6x

end;
end;

-:? se
begin

countines := si:luLtion. Ahp. Nurnftries
if ncrrn. Modify then
begin

if ccunt imes< norm. Modifyt irnes then
begin

".'.*." count ires = count ires + 1
index := false

if methodx = 'ahp' then
index2 true

else

index2 false
solvewithahp

end
else
begin
clrscr
gotoxy ( 5,9)
write ( 'yu cant rmodify your o.utput
gotoxy ( 5, 10
write ( 'hit any key to contirue ')

read ( kbd,ch
goto telos6x

end;
end
else
begin

if countimes = 0 then

begin

countirnes := countimes + 1
index := false
if rnethodx = 'ahp' then
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index2 : true
else

index2 false
solvewithahp;
cirscr

end

.else
•0be gi n

clrscr;

gotoxy < 5,9)
write ( 'you cant modify your output

,gotoxy ( 5,10

write ( 'hit any key to continue ')
read ( kbd,ch
goto telos6x

end,
end

end;
telos6x:
END,

BEGIN (* main *)

string128 := 'step 4 individual evaluation of
alternatives';

diskstatus

clrscr ;
window ( 1,24,80,25)
textcolor ( black ) ;
textbackground ( white

gotoxy 2,2) ;
clreol

write ( ' identification of the problem
window methods : ahp, electre, direct')

'....window 1 , 13,80,23) ;

* '-. text backgrunc < 14
clrscr
readl
readproblemfi le
read2 ;
readnormfi le
read3
if not norm.Specialized then
begin

if ( not exist(pruser) ) then

begin
clrscr

% write ( ' you must ccmpute first the criteria
wait
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,%-r goto telosS
end

enrd

el1se
beg in

readspecfile
if ( riot specfile2.Coapleted )then
begin

cirscr
write ('the evaluation of the criteria is

rnot yet completed
wait;
goto telos6

end
end

if t(i.-nt norm. Special ized ) then
% beg in

R~ , readssolu.tionfile
nuni.:fcriteria so:l utiorn. Nurnofriteria
norravectorl solution. Ncrnivectorl

n vcr2 =sol ut icn. Normvectc'r2

else
begin

nurncfcriteria : specfile2.Nurofcriteria
* . normvectorl specfi le2. Norrvectorl

rnorrnvect cr2 =specfi le2. Ncrmvect cr2
end;

read4
read5
writencormfi le
if ( norm.Specialized ) then
begin
so: 1 -it i on. ElIect re. Numic f t r i es=

specf ile2. Electre. Numof tries;
solution.Electre.Status :=specfile2. Electre. Statu-s
SOlution. Php. Status := specfi 1e2. Electre. Status
Sol ut io:n. Ahp. Nurnof tries :=specfi le2. Electr-e. Numcftr-ies

repeat
a :+1

* ~' unt il narnex =nc'rn. Usersnarnes [a]
specfile2.Finalindex~aJ true

end
allusers

telos6:
END
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INCLUDE FILE STEP4-1

OVERLAY PROCEDURE EVALUATEI (VAR ALTERNATIVES TITEl
VAR ALTVECTOR3 VECTORF ;

VAR W : INTEGER
VAR NORMVECTOR1 VECTORG
VAR AX : INTEGER );

LABEL
ert,ert4

CONST
Count = 3;

VAR

rnatrix2, result, ratrix3 array C1. 20. 1.. 20] Of real
arrayS. a1 vector5, exchange3. al1vectr6 vec. :,rf ;

armda1,'vectcr2 : vectc:rf
axchange4.albernativesk: titlel
t numofalterrat ives, I, count i, xI, yl, al, bl,
a3, b3, c3, d3, h3, k3, f3, p3,i : integer
score, answer3, integerI, row, rowi,
lamda,ci,ri,cr real
st : string [93
ch : char;

PROCEDURE INFOI
beg i n
window (1,y1+1,80,23);
textbackground (14) ;
textcolor( red
gotoxy (1,5) ;
writeln ( '"note be as accurate as possible

-- any # greater than 1 ')
writeln ( ' e. g ,2.45 or 15.
Writeln ( ' a possible scale for inexact is
writeln ( '3 = weakly important than , 5 = strorq ly rm:re

importan than 1) ;
writeln ( ' 7 = very strongly more imp. thar,

9 = absolutely more imp. than');
Textcol0-0r ( black

end

BEGIN

numofalternatives w
case numofalternatives of

1,2,3,4,5,6,7 : begin
xl 50 ; yl :=12
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end;

8,9, 10,11 : begin

x: 55 ; yl :=13
end ;

12, 13, 14, 15 : begi n
xl 70 ; yl :=15

end
end ;

nuinofalternatives := w
if numofalternatives <> 0 then
begin

window (1, 1, x1,y l)
textbackground (blue);
c 1 rscr

:, nir-, ow I l+l I , S0. yl I
. . ta xtoackgr.=ur, d (white)

clrscr

window (1,y1+1,80,23);
textbackground (14) ;
clrscr

* window ( 1,24,80,25)

textbackground ( white
clrscr ;
textcolor ( black
gotoxy (2, 1)
write ('step 4:individual evaluation of alternatives '):
gotoxy ( 2,2
write ( 'evaluation of alternatives according to
criterion ', rrcrnivectcrl ax],' ethdx -

window (1, 1, xl,yl) ;

textbackgr,und ( blue

textco lor ( white ) ;
altvector5 := altvector3
,n-umrfalteratives := w
g,:toxy ( 1,1)
write (' pairwise corparisor,
gotoxy ( 10, 3

for al := 1 to nurnofalternatives do
* write ( copy( alternativesCal],1,5):5 , '

for al := 1 to nurofalternatives do
begin

gotoxy (2 ,3+al );
write (copy( alternatives~al], 1,5) :5

end
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window (xl-41,1,80,yl);
t ext back gro:und (white
textcolor( 0
gcotoxy (1.1)
write (' priority vecto'r

for al :=I to numofalternatives do:
begin

gotoxy (2 ,3 +al )
write (copy( alternativesEal3,1,18)

end;
for a 1= to nurnofalterriatives doi
begin

gotoxy (20, 3 + a
write (chr ( 179

end;
a :r a 1 t:-- rumital terniati yes dci

b eg i r,
qctxy(7,3+ a)

write c hr ( 179
end

window (11 y1+1, 8 0 , 2 3 );
textbackground (14)
clrscr

inif:'
f or a I= to riurnofalternat ives dio

matrix(2Ea,aJ := 1;

for a := 1 to ( rurofalternatives - I ) do
begin

criterial := alterniativesla3
f,:iNr b := 1 to (numfalternatives - a ) doi

begir,
criteria2 alternativesla+bJ
repeat

textcolor ( 0
gt:-Ixy( 1,2

a.write ( I is , criterial ,'better than
criteria2 I' (y/n)2 )

Gc'toxy 6 64 ,2
cireol
read ( answer
answer stupcase ( answer
cireol

until ( ( answer ='y') or Canswer ='n'

if answer = y' then
begin

textcolor Cblack.
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gotoxy ( 1,3 );
% write ( ' how many times is ',criterial,' better

than , criteria2 ' ;

Gotoxy (1 .4)
write ( ' see nr-te below )

repeat

gotoxy( 64 ,3 )
*. clreol

read ( answer )
answer := stupcase ( answer
val ( answer , answer3 , code

until ( ( code =0 ) and ( answer3 >0))

rnatrix2[a,a+b] answer3
r,atrix2[a+b a] ( / arswer)

44 riatrix-[a a] 1

,-iw i o-w I * . <i:'/I., :
text backgrrur.d ( blue
gotoxy ( ( - +( (a +b ) * 8 )) 3 + a

textcolor ( white
write ( arswer3:4:2)
gotoxy( 2 + (a * 8 ) ,( 3 +( a + b ) ) );
write ((I / answer3):4:2

Aend;

* window ( 1,y1+l,80,23)

textbackground ( 14
textcolor C black
if answer 'In' then
begin

gotoxy ( 1,3
write ( ' how many ti mes is ',criteria2.'

better than ', criterial , ' '

Goto.xy ( 1,4)
write ( ( see note below )
repeat

c-gotoxy(64,3
clreol
read ( answer
val ( answer , arswer3 I code

unt i ( ( code = 0 ) and ( answer3 > 0
matrix2[a,a+b] :=(I/ answer3)
matrix2[a+b,a := answer3

matrix2Ea,a] I

window ( 1,1,xl,yl)
textbackground C blue
textcc.lo:r ( white
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g':toxy (C2 +( (a +b 8 * + a)

write ((I/ answer3):4:2)
S::t -:1xv ( 2 + (a * 8 , +( a + b )))

write I 3rnswer3-:4:E:
end

winidow ( 1,yl--1,8iZ,23)
textbackgrc'und (14 q

-'gcutcxy (1,2
cireol
gotoxy (1,3 );
cl1reo 1l

gotc'xy (1,4)

c 1reo:.1

end;
end

ert:

(* matrix miultiplicatio'n*

riatrix3 riatrix2
fo~r a3 :1 to co:unt doi
beg in

for bS I= to: nitriofaltarntatives do:,
begin

for- c-7 := 1 to::, nuLrncfait ernat iv'es do
array5Ec3] := matrix2E:'b3,a3J

for h3 :=1 to rnurncfalternmat ives do:
begin
score
for k3 1 to nuofalternat ives di:
beg in

integerl : array5Ck.3J m ~atrix2[k.h3]
score =score + intageri

result Eb3, h3J sco~re
end

end
riatrix2 =resu~lt

end

* result := rnatrix2

(*normalise vector *

fior p3 1 to nu'rnfalternat ives doi
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begin

for f3 1 toc numc'f alt ernati± es dco
-r rw rw + 'reSIAlIt CpS, f3)I

altvecto-5Ep3J :=row
end

:4 rowi

for p3 :=1 to nurof alt ernat ives. do
rowi : rowl +- altvector5tp3)

for p3 := 1 to nurofalternatives dco

begin

:4altvector5Cp3J : altvector-5Ep'J / owl
end;
windo'w ( x1 + 1 ,80I,yl);.

text backgro-und ( white)
t'<tcoicr C black.
r..r al : 1 tofLr1Ct1afsb'e dc

-~beg i n
got oxy(S22,a 1+3)

0 write ( aitvecto--r5EalflZ:3
end
window (1,y1+l180,23)

text background (14
h cirscr

(coriput irax> and the other data *

:8integeri : 0;
for al:= 1 to nurnofaiterniatives do
begin

-socre 0
f for b 1:= 1 to nrmofait ernati yes dco
beg in

integeri z= ratrix3[a1,bil altvector-5Eblj
rscore score + inr-teqeri

- end
iarndallal) : score

end;

integeri : 0
fcor a 1 =1 to numiofait ernati1 es dc'
begin

vector2Eal) laridallal) / altvector-5EalJ
integerl : integeri +- vector2tal)

endIi larnda Cintegeri / niurnofalternatives
if nuAmofalternatives =I then

nurnofalternat ives:=
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ci:=((larnda-niurnOfalterratives)/(numcfalternatives -1)

case InL~rof a terrnat ives o7jf

1: r i 0 0 0 00 01
z. Ri :~0.000001
~. Ri 0.58

4: Ri : 0.90
-- 5: R i : 1.12

6: R i : 1.24
7: Ri : 1.32
8: Ri 1.41
9: Ri 1.45
10: Ri : 1.49
11: Ri : 1.51
12~: Ri : 1.48
13: Ri : 1.56
14: Ri 1.57
15: R i 1.39

cl / ri
windo:w ( 1, yi+l ,80, 23)
altvector6 := altvectcor5
alternativesk :alternatives

repeat
couriti 0
for a I~ to ( riurncfalterratives -1 )do

-: begin
if altvectar-5[aJ ( altvect.:r5Ea4+1] thene
begin

exchange3[a] altvector5Eaj
altvector5Ca) 2 altvector5a413
altvector5Ea+13 excharnge-[a3
excharige4CaJ alternatives~al
alternatives~aJ alterriatives~a+13
alternativesla+1J : excharge4CaJ
c:'int 1: counlr + I

ernd
end;

'Ant ii1 count 1 =0

for a1 : = I to numiofait ernat i es doc
* begin

g':toxy (( 5 *al )),10
*write (co7py( alternativeslal],1,3)

end;

.4for al I to nurnofalternatives dci
beg i n

gotoxy (((5 *al ))q11



write altvector5[al]:3:2 ) ;

end;

textbackground green
:fr al :.= i to um.of a It erratiyes d

begin

g.:toxy ( (5 + ( 5 * al )) ,9
for bl 1 to round ( altvecto:,r5[alJ * 10 ) dc
begin

gotoxy ( ( ( 5 * al )) , (9 -bl)
write ( ' )

end

end

textbackground ( 14

textcolor ( blue
q.toxy ( 36., 1)

I ' * larda rax - 0 mc?:-7 : ;
g x 6.
wribe ' consistency index = '. ci:4:2
gt.,oxy (36 3);
write ' randomized index = 'ri:4:= '

goto:sxy (36,4)

write ( ' consistency ratio = ', cr:4:2
gotoxy (36, 6)
write ('** there is some statistical')

' gotoxy( 36,7) ;
Swrite ( ' i ncors ist ency ir, your eva 1 uat i cn. "I

Got, xy ( 36, 8) ;

write (' (study highlighted values for

gotoxy (36, 9);
write (' probable inconsistent evaluation)'
textcolor ( black

altvector3 altvectcor6;
alternatives := alternativesk
f,-r p3 := 1 to nursiz, fa1ternat ves do
begin

for f3 := 1 to numofalternatives do

beg i r,

resulIt C p3,f 31 L7
rnatrix2Ep3, f3] 0b!-" " !end

end
ensd

gotoxy ( 36,11 ) ;
write ( 'do you want to modify the data (y/n) 2 ,
Repeat
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gotoxy( 75,11 )
% clreol ;

read ( answer
arswer = stuDcase ( answer

ntil ( answer = 'y' ) cr answer = n'

textbackground ( 140'R.

if answer = 'y' then
begin

clrscr

error = false
repeat

'gotoxy ( 2, 2)
clreol;
write ( 'name of the first alternative '
Read ( answer ) ;
answer := st uocase ( answer

• - fral i:=i to, umc-faliterr~at ives ic

f answer = alternativesla.J] ther
errcr true

~end ;
. unt i 1 error

, " aa

repeat
a := a +1

until answer = alternatives a];

criterial := answer
ert4:

error := false
repeat

gotoxy ( 2,3)

c i rec- I
write ( 'name cf the seccnd alterrative ,
Read ( answer
answer stulpcase ( answer

*%'.-. for b := 1 tc, rurinofalternat ives doi
beg i n

if answer = alternatives~bI] ther,
error := true;

end;
unt i I error

if answer = criterial thern
goto ert4

b := 0
repeat

b := b + 1
until answer = alternatives[b]
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criteria2 answer
window (1, 1, xl,yl)
textbackgrcUnd ( blue
matrix2 := matrix3 ;
textcolor ( red + 16
gotoxy ( ( 2 +( b * 8 )) 3 + a
write ( matrix2[a, b] :4:2
textcolor ( black

window ( 1 , yl+l , 80, 23)
textbackground ( 14
clrscr
repeat

gotoxy( 1,2
write ( ' is ' ,criterial ' better than I

criteria2,' ? ) ;
Gct, xy ( 64,2

read I answer
arnswer st upcase ( ar'swer)
clI recl

unti 1 ( answer = ' y' ) or ( answer = 'ri')

if answer = 'y' then
beginr

gotoxy ( 1,3 );
write (Ihow many times is ,criterial,' better than

criteria2 ' 2 ,)
Gotoxy ( 1,4)
write ( ' see note below
infol
repeat

gottoxy( 64 3 )
clreol ;
read ( answer )
val ( answer , answer3 , code

until ( code = 0 ) ard ( answer3 0 0
matrix2[a, b] answer3
ratrix2Cb, a] ( 1 / answer3 )
matrix2[a, a] I

wirdow (1, 1, x1,yl)
textbackground ( blue
gotoxy ( ' +( b * 8 ) 3) , + a
textcolor ( white
write ( answer3:4:2)
gotcxy( 2 + (a * 8 ) ,( 3 + b ) );
write ((1 / answer3):4:2

end
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window ( l,yl+I, &0,23)
textbackgrcund ( 14
t' tex t co -,1r b I a c k

If arswer =r' then
beg in

[[~ oc tco xy (1, 3)

write ( ' how many times is ',criteria2,' better than
Gotci ' criterial ?' ');G' Go t,- x y (1,4)

write ( ' ( see note below )
infol
repeat

gotoxy(64, 3
. .< clreol ;

read ( answer
val ( answer , answer3 , code

urtil ( ( code 0 ) and ( arswer3 ,> 0

rabri>2[., b] :=(I" ar swer3)
ra riX t. -I ] rS swer-3

tratri X2 a, ] =

win dow ( 1, 1, '/1 )
-extc,,lor ( white )
textback ground ( blue
gotoxy ( ( 2 +( b * 8 ) ), 3 + a

. write ((1/ answer3) :4:2)
go toxy( 2 + (a * 8 ) + b
write ( ar;swer3:4:2 )

end
- window ( i, y1+1, 80, 23);

textbackgrournd ( 14
gtoxy (1,2
c i re,,

got., xy (1,3
ci reol ;
gotoxy (1,4)

c Ireol
g,-,t,: ert
end

wirdotw (1, 1 80, 25);
gotoxy (1,24)

END

OVERLAY PROCEDURE EVALUATE3 ( VAR ALTERNATIVES TITLE1
VAR ALTVECTOR3 :VECTORF

VAR W : INTEGER
VAR NORMVECTORI VECTORG

var ax integer
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LABEL
ert, ert4

CONST
c o u n t = 3

VAR

matrix ,result,rnatrix3 array E1..20, 1..203 of real
array5, altvector5, exchange3, altvector6 vectorf
lamdal,vector2 : vectorf ;

. exchange4 ,alternativesk : titlel
u rinrolIfalternat ives, I, count 1, xl, yl, al, bl,

a3,b3,c3,d3,h3,k3,f3,p3,l : integer
score, answer3, i nt eger i, row, row 1,
lamda, ci,ri,cr real
st : string [9]
ch : char;

PROCEDURE INFOI
beg i n

window (1, yl+l, 80, 23)
textbackground (14)

4r' textcolor( red
gotoxy(1,8)
writeln ( ' 'note be as accurate as possible

any # between 0 and 10 e.g ,2.45 or 9.34 '

Writeln ( ' a possible scale for inexact is
writeln ( 3 = weakly impcrtant than ,5 = strongly more

importan than )
writeln ( 7 = very strongly more ir p. than 9

absolutely more imp. than');
Textcolor ( black

end

BEGIN

rgurnofalternatives w

case rur,falternatives o:f
1,2,3,4,5,6,7 : begin

xl 50 ; yl :=12 ;
end

8, 9,10, 11 begin
xl : 55 ; yl :=13

end
V. : 12,13,14,15 :begin

xl : 70 ; yl :=15
Ser, d ;
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end

rilrfofalternatives w
if numriofalterriat ives 0) 0 then
beg inr

window (1, 1, xl,yl)
textbackground(blue);
clrscr;

window (x1+1,1, 8 0 , yl)
textbackground (white)
clrscrI

window (1,y1+1, 80~, 23)
'4. textbackground(14)
4' clrscr;

c1rscr
4.textci:'lc'r ( black

N gotoxy (2, 1);
write (Ostep 5:direct input o:f alternatives weights')
altvector5 := altvecto:r3

window (x 1+1, 1, 80, yl)
textbackgro:und (white
textcolJor( 0Z )
goxy (1, 1)

* write (' prio:rity vector
* for al1 1 toc numofait erniati yes do

- 4 begin
goto:xy ( 2 ,3 +a1 )
write (copy( alternativeslal), 1, 18)

end;
for a := I to numr'~of alt er-nativyes di:
begin

g-ot.o:xy(*I20,3 + a
* write ( chr ( 1791

end;
for a := 1 to nurofal ternat ives do

-~ begin

4 gotoxy(27,3 + a)

write ( chr ( 179
end *

% ~window (1, y1+1, 80,23);
textbackground(14)

N clrscr
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ert:
infol
texteolcir ( 0

write ('en~ter the weights of the alterniatives
for a =I to nu mo fa I t errat i ves d o
beg in

gotoxy ( 2 ,2+a
write ( alternativeslaJ , )

end;

for a := 1 to rvurcfalterratives doi
beg in

repeat
gotoxy (lerigth(alterriatives~a))+5 2a ;

ci1reol1
read ( answer)
valI ( answer answer3 , coda

_rit i I ( (code = IZ zt nd 'Ian s we r . > - 1 : no -aW Pr
a e vc teni5 C a I =Answe-r3

erid
ro:wl 0
focr p3 := 1 to nurnf at ernat i ves di:

rowl : rowl + altvecttor~Ep3)
for p3 := 1 to' numcofalterriatives dci
begin

altvectonr5Ep3) := altvector5[p'J / rciwl
end

w indow (51, 1, 80, 21
textbackground ( white
fior a :=1 tio numonfalternat ives dio
begin

got oxy (22, a+3)
write ( .atvector51a):5:3

enid ;

window 11,03)
text backgrounrd (14)
clrscr

altvector-3 :=altvector5
alternat.~vesk :=alternatives

repeat
counti := 0

foir a := 1 to ( nurcfalternat ives-1) do
beg in

if altvectcir5Ea) altvectci-r5[a+lJ then
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begin

excharige3ta) : altvector5Ea]
altvect-'r5Ea3 : aItv,,ecto-r5Ea+13
aItvector5Ea+1J : excharige3Eal
exchange4Cal : alternativesla]
aiternrativeslaJ : alterriatives~a+1J
alternatives~aI1) : exchange4[a]
courntl courit + 1

end
end;

until counti =

for a := 1 to (nurncfalternat ives d do
begin

g coy ( (e ( y * a )) 9
wr it e (copy( alt erriat ives Ca 3,1, 3)

end;
f r a I to nriFa it ernat i es j 1:

41.Cto Xv ( ( 5 * a )) 12
write (altvector53CaJ:3:2)

end

textbackground ( green
for a :=1 to (nurnofalternatives )do
begin

gotoxy ( 5 a )8
write '

end;
f or a 1 t ci ( numcfait ernat iv'es )dci
begin

gotoxy ((5 + ( 5 *a),9
for bI 1 to round (altvector5EaJ 10 ) do:
begin

gotox 5 a (9 -bi)
write ( )

end
end;

g ot.:,x y (2, 11)
textbackgrc'und (14
textcolo:r ( blue

* ~~write (' doi you want to: modi fy the eval1uat ion o:f the
alternatives (y/n) 2 ')

Repeat
gotoxy( 65,11)
cireol

*read ( answer)
answer stupicase ( answer);

until ((answer I 'y' o~r ( answer, =n'

a..,4~3



window (1, 13, 80, 23 )
text backgrOUnd (14)

* if answer ='y9 then
beg in

cir'scr
gc'to ert

end;
erud

alternatives alterriativesk

END ;

QVyERLAY PROCEDURE DIRECT2,P ( VAR ALTERNATIVES TITLE-'

VqR W : IN7Er
WA R 1ORMY!EC-rCR

VAR AX !NTEGER)
LA~BEL

ertg9,telc'sgx

CONST
count 3

VAR

rnatrix2, result, rnatri x3 array El..20, 1. -203 f real
arr-ay5, ait vector5, exchanqe3, ait vect':'r-6 :vectocrf
larndal,vectotr2 :vectc'rf
exchargge4 ,alternativesk titlel
ternpgrade, ternpgradel :vecto:rf;
riluriifalternrat ives, I cou-ntl. xlyl ,al *bi ,l1irmit x2, y2,
a3,b3, c3, d3,h3, k3, f3, p3, 1 :iriteqer
s~core, answer,3, i rt eger 1, row,
rowl, larnda, ci, i-i, cr, ccunt3 real1

st: tring C93
ch :char;

BEGIN

rIUMCfalternatjves w
case rumofalternatives of

1,2,3,4,596,7 begin~
x1 50 ;yl :=12

end;
8,9,10,11 beg in

x1 55 ;yl :=13
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end
12,13,14,15 : begin

Sxl 70 ; yl :=15
end

end

".*" numofalternatives := w
if numofalternatives < 0 then
begin

window (1, 1,x1,yl)
textbackground (blue);
clrscr;

window (xl+1, 1,80, yl);
textbackground (white)
clrscr

wi ndow 1 l+l1, 810, 23):

t a;tbac. r,i'nd( 14)
,irscr

window ( 1,24,80,25)
textbackground ( white
clrscr ;
textcolor ( black
gotoxy (2,1) ;
write('step 4 : individual evaluatic'n, of alternatives)
goit.oxy (2, 2)
write ( 'method used : direct inOut

window (1, 1, xl,yl)
textbackground ( blue
textcolor ( white
got -,,xy ( 2, 1)
write ( ' alterr,.Evaluatior : working area
f o r a = to nurIofcr it er i a do
beg i n

answer := norrivectorl Ea]
delete ( answer,4, length(answer)
g.toxy ( 2, a+3) ;
write ( answer:4 )

end ;
v f or a 1 to nurnofalternatives do

begin
answer : alternatives[a]
delete ( answer,4,length( answer))
gotoxy ( 9 + ( 5*(a-1)),3)

- write ( answer
end

window (xi+1, 1,880, y)
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textbackgro:und (white

g -,t oxy (1, 1)

-Arite ('priority vector
for al =1 to: n'..rcfal terrnat i es do
beg i n

gotcoxy C2 ,3 +al )
write (copy( alternatives~ali, 1, 18)

end;
for a :=1 to riurofait erriati yes do
beg i n

goto:xy (20Z, 3 + a
write Cchr ( 179

for a := 1 to riurofait ernati yes do
begin

enid

w indow (1, yl1+1, 80, 23);
t ext backgrouind (14)

* clrscr
-- for a :=1 to rLIAfcriteria do
* begin
* if rorra. specialized Then

begin
if specfi 1e2. norriirdexCa] 0) ramex Trhen

got:' telosgx
end;

4.',gotoxy C2,2)
write I** evaluate alter-native according to

criteria' , norrnvect:'rl Cal, I'
for b :=1 to- numo-zfalterriat ives do:
beg i r

w i ndow ( , y1+ 1,80, 23)
t ext b a cP.g r-,Urd ( 14)
textcol':r ( black
qc-toxy ( 5,1b+,3);
write (b ~'-for alternative ',alterratives[b]

any value between 10 arnd 1Q
X2 :=76; y2 :=b +3 ; courit2 : limit 10:
checknuriber ( aniswerc, xl,y 1,l1ir l-, c.:'unrt.3
tempgradellb := courit3
window (1, lx1, yl)
text backgr".td ( blue

textccolor ( white
* gotoxy (9 + ( 5*(b-1)),3+a)

. P write( teripgradel~b):3:2
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ert '3:

ternpgrade :termpgradel
(*rormilizie vector *

f r-r p3 I toc nurii.:'falt erriat i es d o
r,:lw row + teripgr-adetp32

f or, p3 I= to numcfalternatives dco
tempgradetp33 := teripgrade~p3] row

window ( xI + 1 ,1,80,yl
textbackground ( white

* textcolo~r- ( black);
fra 1= 1 to i-i'mo fait ernat i es do:

beg i r

gotoxy ( ,al 3
write (tempgradelal]:3:2

ernd

b. -t~ 11 .

f r, ati I 1 to ruriofa iterrat i es do
begin

gotoxy (((5 *al ) 10
write (copy( alternatives~al],1,3)

end
for, a 1:= 1 to rum:'fa it etnat i es do-z
begin

go:toxy ((C5 *atl) 11
wr-ite C erpgrade~al]:3:2

* end

- * textbackgrouid ( green
for al :=1 to: numo:falterriat ives do:
beg in

gotoxy ( (5 + ( 5 * al) ~9)
, ,r- bi 1 1 to ro un d Ctempqtrade Cal] 10? ~h

N begin
gotoxy (((5 1 t) (9 -b) I)
write ( )

en~d
end;
text backgr-ound (14
textcolor ( black)
gotoxy ( 36,11)
write ('dc you want tc' modify the weights (y/i)?

* repeat
gotoxy (78,11);
cireol

*read ( answer
answer -= stupcase(answer)

4*1urt i I anrswer-= Y' o :r ( anuswer 'r'
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if answer = 'y' then
beg in
clrscr
error := false
repeat

gotoxy (2,2)
clreol
write ( 'name of the alternative ? I
read ( answer ) ;

answer := stupcase ( answer
for al := i to numofalternatives do
begin

if answer = alternativesCal] then
err-or - true

end;
unt iI error

-,-:peat
' ai : al I

until answer - alterrativesCal]
clrscr

Window (1,1,xl,yl);
textbackground C blue );
textcolor ( red
got:'xy ( 9 + < 5*(al-1)),3+a)
write ( tempgradel Cal :3:2

window (1,yI+l,80,23);
textbackground(14)
textcolor(black
gotoxy C 2,2)
write ( 'for alternative ', alternatives[al]

' ary value between 0 and 10 ?
X2 := 76 ; y2 :=b + 3 o1unt 3 0 ; lmit 10

checknumber ( answer, xl,yl, limit,count 3
teripgradellalJ := cunt3

window (1, 1, xl,yi)
text background ( blue

*0 textcolor ( white
gotoxy ( 9 + ( 5*(al-l)),3+a)
write C tempgradellal]:3:2

goto ert9
end;

for al := 1 to nuraofalternatives do
altmatrixCa,al] tempgradeCal]
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,.j.. window (1,y1+1,80,23);:

textbackground ( 14

textcolor ( black
cIrscr

t e I cs9x:
end

end

END ;

INCLUDE FILE 4-2

OVERLAY PROCEDURE ELECTRE

TYPE

-sc- le =arrayCl. .4] Of namie

VAR

-fl, f2, a,b,c, limit integer

sum, result, pfact or,
qfact:r, max, m in, cc,unt3 : real ;
d i sc,,rdance, c:rcordance,
matrixdance, matri cxcor, matrix20 2
outranking array3;
criteria vectorg
critvalute vectorr
alter : titlel
grading : arayl
gradingweight : aray2
index,cindex,dindex : ind

st 1 : name

PROCEDURE WRITEWORKSHEET
" - BEGIN
a. w i ndow ( 1, 1, 41, 12)

textbackgrciund ( blte
..... textcclor ( white

c ., got oxy (2, 1 )

write ( ' altern. Evaluat ion :working area

for a 1 to numofcriteria d,:,

begin

answer criteria[a] ;
delete ( answer,4, length (answer)
got:xy 5 5 + ( 4*(a-1)),3)
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write ( answer:4
end

fr a r = 1 t- nurm-,falternatives do

begin
gotoxy (2. a+3)
answer alterla]
delete ( answer, 4, length( answer))
write ( answer:3

end
END

PROCEDURE GRADES
VAR

base. steo real

BEGIN
.'.-,'.- for a = 1 tsiI nurmcfcr it eri a c,-

beg i n
base critvaluela] * 100
step base / 4
for b 1 to 5 do

gradingweightCb,aJ base - ( step * ( b -1)
end

END;

PROCEDURE WRITEGRADING

BEGIN

window (41, 1,80, 12)
textbackground ( white

textcolor ( black

gotoxy ( 2, 1)
write ( 'grading scale

for a = 1 to- rumofcriteria d,
beg i n

g,:,tx:,y ( 7 + ( 4*(a-l) ),3)

answer criteria~a);
delete ( answer, 4, length (answer)
write ( arswer:4

end

gotoxy (1, 4)
textcolor ( red )

write ( 'weig. :') ;

For a 1 to nurofcriteria do
beg i n
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gc'tcxy( 4 + C4*a),4)
write Crcu:-rid (critval ~te EaJ*100Z)

end
te'tc::r(black-

wri te I'excel

%%%gctoxy C1, 7
write ('goocd"
gotoxy (1, 8)
write C aver'
gotcmxy C1,9);
write(' fair'

4 , gotc'xy(1, 10)
write C'weak')
grades;

f Dr' -A 1 t;- rnuroEcri ter ia d.:

g .t xy (4 + C4*a), b + 5 )

en;write (ro,:,L-nd(gradingweight~b,aJ)

END;

PROCEDURE GRPDEALTERNATIVES;

BEGIN

w indow ( 1, 13, 30, ;*:4)
tx t back. rc:,ud ( 14

taxtc:,lor ( black
iF norm. special ized Then
grading := specfile.2.grading

Fra -1 to rumcoofait ernat i es d,.
beg in

gotoxy 2,2
write ( ** evaluate alternative ',alter~aJ

for b =1 to nurmofcri teria dr
beg in

if norm. specialized Then
begin

if specfile2.ricrmindex~bJ = ramex Then
goto j1p3

end
write (b '-for criterion , criteria Eb] 'any val1u'e
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-- between IZ arid rosund (gaigeih 1 ~b]
X1. 76
y! b + 3
counrt3 0
limiit ro~und( C adirigweignt [1.b] )

-' ~~chieckriirober ( arnswer, xl, y1, I irit , coit3)
grad inrg a,bJ := count 3
winda:'w ( 1,1,40,12);
text backgrOUnd ( blue
gcitoxy( 2 + ( 4*b),a+3)
write (round(gradirigla, bJ)
window ( 1, 13,80,23)
text backgrourid (14

jmp3:
end
clrscr

END

PR~OCEDURE FAlCTORS
BEG IN

wi1ndow ( 1, 13, 80, 23)
textbackground ( 14

- - clrscr;

textc'lcr ( black
gotoxy (2, 4)

* write C** conicordanice threshold (p) CO0 100]

write ('C rb becomes severe as it approc-aches 100),
X1 : 70 ; yl 5 ; count3 :=0 ; limit 100
checknrumber, ( artswer-, xlyl ,limiit, cou.rit3
pfactor := coi.irt3;
gotcixy (2, 7);
write C *disco::rdarice threshold (q) [0O 100]
gotoxy C28)
write (I (rib becomes severe aB it approaches 100)
X1 : 70 *Y1 :=
c-ui-nt3 0 ;limiit 100
chec-'nu.mber (anrswer, 1, y 1,liri it, coui~rt 3
qfactor :=c.u-nit3
if ((specf ile2. pfactor 0) Arid

(specf ile2. Pfactor (pfactor) ) then
pfactor :=specfile2. pfacto-r-

If ((specfile2.qfa=ct.or 0 0 ) Arid
Cspecfile2.Qfactor.t > qfactor ) ) then

qfactor :=specfile"2.qfacto:r-

Window (41, 1, 80, 12)
text backgrond ( white
textcolor ( black

gotox1 2, 1



write ('p = ,pfactor:3:2,' % q I q qfact.:or: 3: 2.'
i f nocrm. s pec ial1i zed Th en
beg in

soecf ilea. pf act or 2f itotr
soecfi2.qfAct.:,r qfa-ctc-r-
speefile2.grading grading

repeat
a -=a +1

Lunt il ( riarnex =n.:rr. Usersriames [a)
specfile2.FinalindexllaJ true
writespecfile

- end

2'. END;

PROCEDURE COMPUTE 1
BEGIN

if grading [a * grading Eb, c] )then

sum :=sumn + cr itval1 ue Ec]
end
if (a 0> b ) then

coriccrdance [a, bi] sum *1002

else
co:nc'rdarice [a, bi] 1

END;

PROCEDURE COMPUTE2,
BEGIN

fcor c 1= to ri'-riofcr it erija d o
be g n

if g rad irig [b, c3] > grad ing Ca, c3] t hen
-1-ro:=grad ingEb, c- - grad rig C, :]

if (r-esul t <= sumi ther,
resulit = 3'ro

* and
if (a <(> b )then

d: scordarice [a 1 bi result /cri tva 1te C1]
:: 1 se

d iscor-dance [a, bi] I
END;

PROCEDURE COMPUTECONC
BEGIN

-K- for a I to nuricfait erriat i es do
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~' .. , - begin

for b I to nurncfalternat ives doi
beg in

computel
end

ernd
END

PROCEDURE FINTINDEX1
BEGIN

fir- a := I to nurncifal1ternat i es doi
*.~ .. *begin

c :=0;
for b I tc' nuricifalterriat ives doi

* .. ~. egiri
c ,:, crd a rc ra ] b > p FAc tcr t h :r,

ciridex~aj
ernd

end
fi 0

for a 1 to niumofalternat ives do:
fl fl + ciridex~aJ

END;

PROCEDURE COMPUTEDISCONC
BEGIN

* - fcir a :=1 ti: nu.mofaltern-at ives do:

begin
fcr- b I t ci nriarfcfait ernati1ves doi
beg i r

sLurfl 1
- result 10'

end
grid

END

PROCEDURE FINTINDEX2
91 BEGIN

for a := 1 to nurofalternatives do
Q** .$*begin

for b I ti: rurcifalterrat ives dco
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begin
if discordanceCa, b] <= qfactor then

z C + 1;
iindex[a :=c -

end
end
f 2 :=0 ;

f-r a 1 to rurnofalternatives do
f2 := f2 + dindex[a]

END ;

PROCEDURE WRITEALT (var st l:narmie ; var rnatrixcon :riatrix20 ;
var index : ind

BEGIN
-r _k L t r r Fc. z rra t i es do

arkswer =alter[a]
delete ( answer, 4, !rng h ( answer)
gotoxy( 2, a + 3)
write C answer:4

end ;
for a := 1 to nrumofalternatives do
begin

answer alter[a]

delete ( answer, 4, length( answer)
gotoxy ( 5 + ( a * 5 ) ,3 )
write . answer:3

end ;
textcolor ( red
gotoxy ( 5 + (( a+1) * 5 ) , 3 )
write ( stl
textclor ( black.

for a 1 to numofalternatives do
begin

for b := 1 to nur,ofalternatives do
begir

gotoxy ( 5 + ( b * 5) , a + 3
if ( a = b ) then

write ( '-'

else
write ( round(matrixcona, bJ)

end;
end

textcolor ( red
for c = 1 to riurncfalterratives do
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iI

beg i n
g,-,toxy ( 3 + ( (b+1) * 5) ,c + 3
write ( index~c]

and
textcoor ( black.

END;
i-w

PROCEDUTE CONFINT ;
BEGIN

window ( 1,13,80,23) ;
textbackground ( 14
textcolor ( blue
clrscr ;
gotoxy ( 2, 2)
,,r i t e ('c:ncordance matrix I
,r!il 0 u t -e c: '-: lc

.'nt i: dex 1

-extcolor < ack )

stl :
matrixcon :=corncordance
index := cindex

writealt ( st1 ,rmatrixcon, index
textcolor ( blue
gotoxy ( 38, 2)
write (' ** a corcordarnce index indicates to--
gotoxy ( 38,3) ;

write (0 what extent an option is better than
gotoxy ( 38, 4)
write (' arcther in terms of criteria weights
go t, oxy 3 8,5) ;
write ('** the index varies between 1 0 - 100 J
gotoxy ( 38,6
wri te (' the higher the better
Gotoxy 38, 7) ;
write ( ' f 1, indexes are >= ' round (pfactor)
g, toxy C 38,8) ;
-A write ('** colunrim #ci indicates the # of indexes
gotoxy ( 38,9
write (' satisfying p for each o, ption
" gotoxy ( 2,10
write ( 'hit any key to continue
read ( kbdch

END
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PROCEDURE DISFINT ;

BEGIN
window ( 1, 13, 80, 23)
text background ( 14
clrscr ;.
textcolor ( blue
gotoxy ( 2,2)
write ('discordance matrix
computedisconc

firtindex2 ;
textcolor ( black

stl := '#di' ;
matrixcor, discordance
index := dindex ;
-jrit 2a It -t ri atr i -.c,--r. i ndex[" te tc,-,or '.blue

£. gotoxy ( 40,2) ;

write (' ** a discordarnce index indicates to-- ;
gotoxy ( 40,3) ;
write (' what extent an optior, contains a bad ')
gotoxy ( 40,4) ;
write (' element that makes it un-satisfactory 9);
gotoxy ( 40,5) ;
write ('** the index varies between [ 0 - 100 1 J);
gotoxy ( 40,6 ) ;
write (' the lcwer the better .
Goto'xy ( 40, 7) ;
write ' ' f2,' indexes are ',qfactor:3:2
gotoxy 40,8)
write ('** column #ci indicates the # of indexes
got oxy 40,9 ) ;
write ' satisfying q for each opt ion

gotoxy ( 2, 10)
write 'hit any e to, cont irue
read ( kbd,ch

END

PROCEDURE COMPUTEOUTRANKING ;
BEGIN

"4. f,-,r a := 1 to riulofalternatives do,
beg in

for b I= 1 to rumofalternatives do
4. begin

if ( ( concordarce[a,b] >= pfactor ) and
( discordance~a,b] <= qfactor ) ) then

outrarkirgCa, b] '*
else
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outrarking [a, b] '-'

end
.1t~ bend ;

for a I to nrumofalternat ives do
:utranki rig Ca, a] : -'

END;

PROCEDURE OUTFINT ;
VAR

arts : name
BEGIN

wirdow ( 1, 13, 80, 23)
textbackground ( 14

textcol:r ( blue
cIrscr
gc, tcxy ( 2,2)
write (I outrankirig riatrix

, .. , i,-tt ,- tt r -ink 1 rig

C, t 2 D'c r blac!-(
. , 1 to nurofal t rnati'ves -:.

,. beg i n
ars alter~a]
delete ( ans,4,length( ans) )
gotoxy( 2, a + 3)

" --. ~ write ( ans:4

end
Sfor- a 1 to numofalterratives do

begin
ars alter~a]
delete ( ans, 4, length( ans)
go tc, xy ( 5 + ( a * 5 ) ,3

write ( arns:3
end
f':'r a := I tc, nircfalternatives do
beg i n

for- b := 1 t z numc falternatives do
begin

gc, t',:xy ( 5 + ( b * 5) , a + 3

write (outranking [a, b] )
end

end

textcolor ( blue
gotoxy ( 38,2) ;
write ('** an outranking relation * is the

Sgotoxy ( 38,3)

write (' one that satisfies both concordance
gotoxy ( 38,4) ;
write C' and discordance requirements. I
Gotoxy 38, 5)
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write ('** an - indicates that there is '

go:to:xy ( 38, 6
write (0 ro outrarkirng relations.
Go toXy ( 2, 10 ) ;
. rite ( 'hit arty key to continue
read ( kbd,ch

END

BEGIN (* main *)

window ( 1,1,40,12)
text background ( blue
clrscr ;

window (41, 1,80, 12)
text background ( white
clrscr

j." 2id w J 3 0, 23

window ( 1,24,80,25)
text background ( white
clrscr ;
textcolor ( black

* g,:,tcoxy 2, ) ;

write ( 'step 4 : evaluation -,f alternatives
g,-t -,xy( 2,2) ;
write ( 'method used : electre I

if ( rot norm. Specialized ) then
beg i r,

alter := problem. alternatives
r,,.mrofalternat ives : rb1em, rrnofalterratives
cr i t er i a :so lut ior. r, rmvect or 1

.'." c~~r i t ',a 1 ute :=so, ut i cor,. r~crnmvect,-,r2

and
el1se
begir,

alter := probler.alterratives

Srumofalternatives := pr-,blem.,'. ri falterratives
V criteria Specfile2. r-rmvectorl

critvalue Specfile2. n,,rrvector2
A ,end

writewoksheet

writegrading
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,'.9

gradealternatives

factors ;

if: r .-rri, specialized Then
begin

b := 0 ;

for a := I to 3 do

begin
if specfile2.firialindexl~a] Then

b := b + 1
end
if ( b = norm. Nurmfusers ) then

specfile2.Electre.Status := true

else
specfile2.Electre.Status := false

end

norrr . Soeciaiized a-ndS D0cfi 122. 2- ct.3 3ta-
t hen beg i n

r'epeat

window ( 1, 13, 80,23)
textbackground ( 14 );.>:0:. .cirscr

textcolc, r( black
gtoxy( 2,2)

write ( "menu
g,toxy (2, 4) ;
write ( ' 1. Concordance matrix
gotoxy (2, 5)
write ( '2. Discordance matrix
gotc, xy( 2,6)
write ( '3. Outranking matrix

got oxy( 2,7) ;
write ( '4. Modify thresholds

got ,:, x y 2, )
write ( '5. Exit electre

gotoxy ( 2, 10)
write ( 'selection, (1-5) ?
Repeat

gcotoxy( 30, 10) ;

clreol
read ( answer )

until ((answer =' 1' ) or (answer = '2' ) or (answer

S'3' ) or (answer = '4') or (answer = '5')
if answer = ' I' then

confint

if answer = '2' then

156

('d# W'S d' r P '

,

se"



isf int
if answer = 3' then
beg i n

co rp ut ecc rc
comriput ed isconc

ioutfint ;
end

if answer '4' then
factors ;

until ( answer = '5')

if ( nt no, rr. Specialized ) then
beg i n

sblution. Electre. Outranking := cutranking

writesolutinfile
end
2= i -e

-oecf i 1-2. E I -2c _ -e. Out rar ki rig := u -ar, irig

wAr1tespecfi I a
end

end
END;

INCLUDE FILE STEP6

OVERLAY PROCEDURE GDSS

LABEL

tel.osl

TYPE

namles = name
a It names 1 array 1l. 203 Of names

altvector5 = array~l. . , 1.. 203 Of real
:rdi nal 2 = array 1l.. 20] Of i rteger
ordir,a13 = array El.. 63 Of ordirnal2;

VAR

a, b, c, rurofalterr,at ives, resultx, riuofusers , xxx
cortahp, counete lectre, surma , count 12, f 1 i riteger
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filriarnel,xx,pruserl :namesI
altvectcor6 :at-ray El..F o]':f vectorf

.4.4 aitnanes :array 11.. 6] of titlel
.tsarsriarfes : amie''L
answerS.1-iserx : 'namies

br~, at ectir8 ae, r3 vectcarf
altiaies6 :titiel
brl,ordiriall,arl,ar4,iidivid.iaicrdinall,
individlualvectc'rl : rdirial2;
o:rdinal, individuialirdirial, irdividualvectcir c'rdirnai3
resultx1,resuitx2 real

weight :vectc'rsl
*.44ch :char;

iridexrn :arrayll. .9] Of chat,

PROCEDURE COMPUTE 1
BEGIN

Fa~ itini

suma 0;
foir c 1. to n'rurgcf users di:
beg in

o:rdiriall 1= crdinal Cc3
suma =surila + o:rd ina1 1C b]

end
arlCbJ suia

and;
For a~ = 1. to nursicfait ernat i es do
beg inr

go::toxy (6, a+5)
write (arl~a]

en~d
END

PROCEDURE COMPUTE2
BEGIN

for b 1. to nurncfait erriati yes do
beg in
resutxI := 0;

forc I 1 to n ur msofu s e rs do

beg in
altvect.'r8 : altvectoir6Cc]
resultxl : resuAltX1 + altvectir8[b]

* end;
ar2Cb] (resultxl / riurncfusers

* end

foir a I to nirumn'fait ernati1 es dci
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begin
gotoxy (12,a+5
write ( ar~?EaJ:3:2E)

end
END ;

PROCEDURE COMPUTE3

BEGIN
for b :=1 to nurofalternat ives do
begin

resLultxl :=1;
-for c :=1 to nurlofusers do

* begin
altvectorB : altvector6EcJ

-r-esl-tltx(l :=resultxl * altvect:'rSbJ
end;

* *r-esult x2J 1= In ( result xl

3Ebl -n /.uraorN' ers '-

2 end
-~~ := I trzc f-i-riof a t ernat iv es do

be g i n
gotoxy (18,a+5
write (ar3Ea):3:2 )

end
END;

<P PROCEDURE COMPUTE4
BEGIN

for- b =1 to nuraicfait erriat i es do

fora :0 1 to nu.mofusers do
begin

ordinal 1= o:rdirial CcJ
SIumia suima + ( nuricfal1terriat i es -ord inillEb]

end
ar4 Eb] =s'tra

end;
for a :=1 to nuriimfalterniat ives do--
beg i n

g:,.:oxy a +E4 a5
-~ write Car4[aJ

end
END;

* PROCEDURE COMPUTEORDINAL
BEGIN

for b := 1 to. nurofalternatives doi
beg i n

V surna 1
for c =1 to ( urnofait ernati yes )do
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beg i ri

if aitvecto:r8[b] (altvect,:r-BEc] thens

end;
'r-d i raIlI C b I s una

* end
END;

PROCEDURE COMPUTE IND IVIDUAL VECTOR
BEGIN

f:.r al := tc' nurafaiterriat ives do
beg in

for b 1 1 tcs nsumo:fa it enati1 es do
beg in

individualvectc:r1[al] suari
enrd

END

PROCEDURE COMPUTEX1
BEGIN

for- a =1 to riurofaternat ives do:
beg inr

for b 1 to riurn.:fuser~s dc.
begin

individuaivecto:rl := iridividualvector [6]
suma Surila + id iv idualvecto:rl Cal

end
go-t oxy (9, 54-a

END

PROCEDURE COMPUTEX2
p BEGIN

for, a := to: riurnofal1ternrat 1 es do,
beg in

for b I to rsuriof users d,-
begin

individuaiordisaill: irdividualoyrdirnaib]
sunia :=urrla +- irdividUaiordinal ICal

end
gotoxy (15,5+a)
write (suma

end
END
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BEGI
if*rr.radatngte

begi

''S"~~~~~~e i n.Bracsirgte

C.gotoxy ( 6 * a , 4
write (Usersnamaes Ca):4)

end
gc'toxy ( 2, 5)
textoolor (red
write ('weig. :'l
For a :=1 to numollfusers do
begin

g ot xy ((6*a) +215)
write (weight~aJC3:2

rd

te'< tc e cope )aItraies,[] ,3

fowrite = t( : coyitnlI-1aes6Ca, v d,

begin

qgotoxy C(6S a)+2 b + 5
write Catet:r~J::

edend

else

nagq i rt
rra :I 1 t c umc'tisers dc,

.5 begin

if Cpruseri usersraesCaJ then
beg i r,

gocxy C6 ,4)

write C 'sersnariesCa) : 4
XXX : a ;

end
end
fo:,r a :=1 toc nrmfaiternat ives do
begin

* gotox~y ( 2,a+5
wt - wrte (copy ( ait narlesGE a 1,1 , 3)

end
altvector-8 := aitvectorlt6C>xx)
for b :=1 tc' nuricifa it errat i yes dc'
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-, beg in

-Cgotoxy (8 ,b + 5

wArite a lvcar~J::
9nd

enrd
END;

PROCEDURE WIN2
BEGIN

window (26,1,50,16
text backgronund ( 14
cirsct-
texteolcir ( black
go to.-xy (2, 2 ) ;
write C ordinal r-anking

* - ggcttoxy C, ( a) 2 ,-

write C 'sersnamnesLa) :4
end

-A> end
* else

beg inr
go-,toxy G, 64)
write Cusersnriames~xxxJ

arid
fra : = 1 to ritmcfusers dc

be g inr
altvector8 := altvector6EaJ
for b :=1 to nrnmfalternat ives dc
begirn

frc :I t numo--fal terriati yes )dci
begqinr

if altvector-8Lbj altvector,8Ecj then,
ssiia := s-tfila +1

or-d rail £bJ : suma
ard
:irdirial a) := ordinal 1

end
if nor-m. Broadcast irg then,
beg in

for a := 1 to nisaof'sers dco
beg ir

crdinall := cirdinial [a)
for- b :I tc' riumofal1terriati yes do
beg inr



gotoxy (6 * a , b + 5
write (ordjrnaliEb3

end
and

el2se
begin

ordiriall :=ordinal CxxxJ
for b 1= to nurmofalterrnat ives do

* begin
-~gotoxy S . b + 5

write (ordirallbi
end

end
END

'PROCEDURE WIN34

VA. EBEGIN
-- ~~inidow (51. j,30l

taxtack'Irounrd ( white
cl1rscr
textcolor ( black
gotoxy (1,2
write ('group resuilts
f or a 1 to 4 d o
begi n

gotoxy S *a) ,4)

Arite a r',a
end
for a := 1 to riumofait errnat i vs d-
beg in

gcrtoxy (2,a+5
write (copy (altnarnesGraj. 1,3)

ond
if norm. Aqregat ior then
beg i n

corip tor 1
- -- coriput cr2

corlpuit r3
* coripit cr4

* end

neg in
f1i: 0;
repeat

f I fl + 1
-. case norrn. gregat iornarneEfl] of

1 2' cornput er2
* ' 1 ' cornput er 1

4' comput cr4



t ' 1 cc'miputer3
end;

urntil ( fl >= 4
end

END;

PROCEDURE WIN4
BEGIN

iF rnrm. Broad cast inrg then
begin

for a := 1 toc numof users doi
beg i n

gc't'xy F 6 * a , 4
ir-i ta C 't'ersrn3ries a] :'

cr~~~~~~~r a !~i~~~2V~3iESc

jotoxy -A+, a5
delete( altniames6EaJ 4 ,length (altriames6Eaj)
write ( altrianiies6Eal

end
for, a := 1 to niumofusers doi
beg in

individualvectr- : = individualvector EaJ
for b - 1 tc' numo-falter-nat ives dci
beg inr

go-,to xy C"(S * a)~ b + 5
write (inidividualvectori Eb]

end
end

beq in
for, a =I to:: nrm': users dco

if Cpruseri = user-snaries EaJ th-en
beg inr

gctcsxy C S, 4
write C uSer-SnamiesCaj :4
Xxx := a

end
end;
f or a :1 to numofalternat ives do
begin
gotoxy C2,a'5)
write Caltnamies6Eaj

end
individualvectc'rl i id ividualvect:'r[>xxJ
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for b 1= to nuriofalternat ives do:
beg i n

gotcixy 6 ,b +- 5
write (iridividLualvect':rl 1b]

end
end

END;

PROCEDURE WIN5
BEGIN

window (2E6, 1,50, 16)
text bacgro:und ( 14
cIrsor

-, I --~r' I !a ck

-j r it e ( ordinal rarikiik.

f ir a 1 to nurnofusers do
begin

gotoxy ( E*a ,4)
delete(C usersnameslaJ 4 ,length (utsersnrileslaJ)

write ( Lusersriaries [a]
end

enrd
else
begin

gotoxy ( 6,4)
delete (usersnariles~xxx), 4 ,length (utsersnarmes~xxx])
write ( usersnames~xxxJ

4 end
f or a : 1 to n' urio f user s do
beg in

i rid ividual vectori := ird iv ld'alvector-Ca3
fo::r' b I to nricsfait ernat i es dci
beg in

-~suria 1
for c 1 tc' ( ruri':falterriat ives ) do
beg in

*if i rd i vdualvecto:rl [b] ( individualvect.:rl Cc] theni
4 sunia := surtia -+ 1

* end
individualordinall1 b3 suria

end
irdividi-alordinalla3 : irdividualordinall

end
if normn. Broad cast m rg thern
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begin
for a := 1 to riLrnfusers do:
begi n

irid ividualo:rd iral 1 ind ividualord i ral [a]
fo::r b := 1 to rnumfailterrnat ves do
begin

* .. go:to:xy (6 * a , b -+ 5
write (individualirdirialI1 b]

end
end

end
el1se
beg inr

individualo:rdirial 1= irdividialo:rd iral ExxxJ

for- b := I to riumocfal ter-nat i es do
beqir,

end
END

PROCEDURE WINS
8EG IN

window (51, 1, 80, 16
t ex tbackground ( white
clrscr;
textcolor ( black)
gotcoxy ( 1, 2 ;
wr it e ('group results
g:otooxy ( 9 ,4) ;
write I r41
go t --xy ( 15,4)
write Crl ) i
fo--r A 1 to r'.Lrofaiternat ives. do
begin,

go:tox.>y C2, a+5
wr it e Cco py (a It namesFC a 1 1, 3)

end
i f r,,orrm. gregat i 'n t hen
begin

co:rnputtex 1
c:oriputex(2

end
else
begin

f o'r fi1 1 t o 4 dc'
begin

case nrm~. Pgregat 1 .orramie E f 1J cf
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' ' corputexl ;
V ' 41 : cornpLutex2 ;

end
end

end
END;

* PROCEDURE WIN7 ;

BEGIN
gotoxy ( 2,2
write ( ' ordinal ranking ' ) ;
if norm. Broadcast ing then
beg in

for a := I to numofusers do

beg i n
gotoxv :ESa)+2, 4)

1 ; P C use r, arams ] I. )a 1 ) 

er:d
fOr a = 1 t, riurofalterratives do
beg in
gotoxy ( 2, a+5 ) ;
write ( copy (altnames6[a], 1,3)

end
~erld

else
beg i rl

g,tozxy ( 6, 4)
write ( usersnames[xxx]

end
.f norm. Broadcastirg then

begin
fo r a := 1 t, nurniofusers do
teg i n

zrdinall := ordinalEa];
for b := I to nuroFaltea ies de
begin

gcotoxy ( (6 * a)+2 b + 5)
write ( :rdiniall[b] )

iend
end

€. end

else
begin

4 ordinall := :,rdinalCxxx]
for b := 1 to numofalternatives do

begin
gotoxy ( 6 , b + 5

end

END
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PROCEDURE WIN8
8. BEGIN

window (51,1,80,16
textbackgrourd ( white
cirscr ;
textcc, lor ( black )
got:xy ( 1, 2 ) ;
write ( ' group results

. f or a : 1 to 4 do
begir

gotoxy ( 6*a ,4)
ppm.

write ( 'r',a )
end
for a = 1 to rurnofalternatives do

beg in
gotoxy 2, a+5)

" .. rite ( *-:-,zy a!trar1e23L[a , , -> )

d
:7" orr. Agregat ic, teen

coriiputerl
computer4

"-"'-"end

else
beg in

for fl I to 4 do
beg in

case r,,,-rr m. Agregat i ,-,r r, arne I f 1 3 f
* ' 1' : C ,rO ,.ter 1

'4' c,m iput er4
end

end
end

END

PROCEDURE WINDOW1
BEGIN

window (1, 17,80. 23
textbackground ( blue
clrscr
textcolr ( white
g t,:, - , xy 2, 2)
write ( -1 : sur o-f ranks
gotoxy (2, 3)
write ( 'r2 : additive ranking ')
gotoxy ( 40, 2)
write ( 'r3 : multiplicative ranking ' ) ;
go, toxy ( 40, 3) ;
write ( 'r4 : sum of outranking relatiors
gotoxy ( 2,5)
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textcolor (red
write ('hit any key to continiue
read (kbd ,ch

END

BEGIN (* MAIN *
pruserl : riarex
numofalterriatives problerna. Nunofalterriat ives
numofusers =norm. Numofusers
usersnamnes :=norm. Usersnarnes

weight :=norm. We ight;
altvcto~la :=solutic'r.Ahp.Altvectorl

altnames6 :=solution.Alternatives

for a := I to riumo-f users do
beg i -n

Ucserl) := nrrm. Usar-snarnesCLA

if exist (filniarel ) then
b :=b+ 1

end

countahp := 0
coI..ntelectre 0

if b < nuriofusers then
* begi n

clrscr
writel1n ' the sol1uti ons are not com~p let ed

end
if b = nLtrnofusers then
beg in

fo-1r- a I to riutrili~f users doc
beg in

g '.serx 2=usersnaroleslal;

finmrel 1- corcat (prob nmre, '*,Userx

pruser := f-i1iarfel
if exist ( pruser )then
beg in

readscolut ionfi le
if ( soilut ior,. hp. StatuAs ) then
beg i n

countahp :=ccuntahp + 1
altvector6ta3 := s.:lut ion. Php. A1tvectorl
a atrzames6 sochlut ion. a 1ternat ives
Pltvector8 2 altvector6EaJ

V end
if ( scsiut io:n. Elect re. Stat us) then
begin
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c.rntelectre :=cointelectre + 1

conputi diil lvector md ividualvect:irl

a 1 t riargesG B.:1 .t i,:irt.Alt er-riativyes
end

end

end;

if countahp = nurncf users then
begin

for a :=1 to riutrofusers dci
begin

altvectorB := altvector6Ea]

for b :=1 to nUfflofalternat ives di:
altvector8EbJ : altvector8Eb] weight Ca]

altvect-:ir6CaJ altvecto~r8
end

? -~a ck r(iuo 1 I

w inrdow (26 , 1, 5 0 10-
text backgro~und( 14

clrscr

Nwindow (51,1,80,16
text backgrOund ( white
clrscr

window (1, 17, 80,2:3
t ext background (blu~e

-~ clrscr

winidow (1,24,80,25
textbackgrOlund ( white
clrscr
textcolor ( black
gi-.:xy ( 2, 1)
write ('step 5 :comput at ion of gr-:u,-t dec isi on
gito-xy (2,2)
write ('all the so:lut io~ns have comrputed with aho
windo:w (1. 1,25, 16);
text backgi-iUnd ( 14
textc:I:lr ( blIue
clrscr

gotoxy (1,2
write ('alt. Cardinal rankings');
winl
win2
win3

4% ~ wiridcwl
end
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if countelectre =numofusers then
begin

for a := 1 to' numnof users dci
begin

altvectors := aitvector6Eca]
fi ir b :=1 to: riuricfalterriat ives do:

altvector8[bJ : altvect:,rBEbJ weight EaJ
altvector6la3 := altvectc'r8

end;

window (1, 1,25, 16
textbackgroiund ( 14);
clrscr;

windo:w (26, 1,502, 16
textbackgrouid ( 14);
cirscr

t : xtbackqriurd ( w.-hit.e)
ClrScr-

wi ndow (1, 17, 80, 23
t ext back ground (blue

clrscr
windoiw (1,24,80,25
text backgro~und ( white
clrscr;
textc':lcr ( black

write ('step 5 :cornmput at ionr :'f group deci sio'n'

gcitoxy (2,2)
.i. ~write ('all the s.:lut ionrs have ci:,i1Duted wit6h sectre'

w winrdo::w (1, 19 25, 1ci
textbackgrouid' ( 14
textcoloir ( blue
C 1rscr ;
got o xy (1,2)
write ('alt. Individual rankings

% win4
win5
wir,6

N windowl
end;

count 12 :=0
for a := 1 to num~ofusers do
beg in

Luserx user-sames [a]
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filnarnel := concat ( problname,'.',Userx
pruser := fi inamnel;
read s:'lu'ionfi le;
if solit ion. Php. Status then
begin

'N indexriaJ : ' a';
* count 12 cOI:'nt 12 + 1

end
else
begin

if sclution.Electre.StatUS then
* ,~ begin

indexro~aj = e
co:unt 12 := count 12 +1

end
el se

iridexri a] := 'ri'

and

=Co:unt 12 < riumofusers t her,
beg in

textcolor ( 14)
clrscr
goto:xy C2, 3)
textcolor (blIue
wr it e (I t the s:' 1 ut i onis are not compl1et ed

gotoxy 2, 24);
write ('hit anty key to: ret urn to# main rnu

- -read ( kbd,ch
got': telcisi

end
el1se

begr a:= 1 to numif users do.
beg in

if indexroCal 'a' then
beg in

altvecto-rB altvectorGEa]
for- b 1= to numo-falternat ives do:

* beg in
sum~a 1
for c I to ( rurao fait ernati yes )do.
begin

if altvectoir8Eb3 ( altvecto::rSCc) thern
* surna suma + 1;

end
ordiriall~b) surna

end
o..rdinal Ca] oirdinall
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end
el1se
begin

individualvectcrl i rd ividi-tlivect.--r-Ea3
fo.r b =1 to nurngfalter-nat ives d-::
beg i n

suriia 1
for c 1 to ( riumofalterriatives) do
begin

if individualvectorltb]
individualvectorl~c3 then

sLuria := suraa + 1
-' end;

iridividUalo:rdirialllb3 : sumia
end ;
o:rdarnal~aJ indiVidLalordiriall

end

textbackgr'irid (14
clrscr;
w indow (26, 1, 50, 16
textbackground ( 14
clrscr
window (51, 1,80, 16
textbackgI-Ol~ird ( white
clr-scr-

* . winidow (1, 17,80,23
t ext back gro'und ( blue

clrscr,
window (1,24,80,25
text backgrournd ( white
cirscy,
textco:lc'r ( black
g :I :1'xy ( 2, 1)
write ( 'step 5 computat ion of grou~p dec is3icr
gotoxy ( 2,2)
write ('the soilit ions have Ccrnputed with R-lectre c

-~ahp )

V. window (1,1,25,16
textbackground ( 14
textco:'.:r (blue
clrscr

win7;
wine
wiridowi

- - end
w irid :'w (1, 1, 80, 25)
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telosl

end
END;

INCLUDE FILE DIRLISTi

PROCEDURE DIRLIST;

TYPE

Charl2arr = array E 1-.1.2 ] of Char;
String20 = string[ 20 1;
RegRec = record

AX, BX, CX, DX, BP, SI,
DI,DSESFlaqs :irtager;,

VAR

Regs :RegRec;
DTA array 1 1-.43 1 of Byte;
Mask :Char-12arr;
NarniR :Strinig20;

Error, I :Integer;

BEGIN

FillChar(DT,SiZeOf(DT),Z); {C Initialize the DTA

bluff er}-
FillChar(Mask,Siz-eOf(Mask),0); -C Initialize the mask I

FillChar(NariR,Siz-eOf(NlarmR)qO); {C initialize the fil!e
ra rile>-

Wr it eLri;
WRITELN;
Regs.AX $1AZO; -C Function used to, set the D7T-
Regs. DS Seg (DTA) ; {store the parametar csaqmerit i,

DS 3}
'Regs.DX Ofs(DTA) ; -C ofFset in' OX}
MSDDs(Regs) ; -C Set DTA locat ion 3

*Error 0;
Mask '2"'n1.")n.GN1' ; {Use global search )

Regs.PX :=$4EOO; {C Get first directory entry I
Regs.DS Seg(Mask); {Point to the file Mask *

Regs.DX Ofs(Mask);

Regs. CX 22 Store the opt ion~
-- V..-.MSDcs(Regs); Execute MSD7:s cal 1

Error =Regs.AfX arid $FF; {Get Error ret urn I
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I :=1; { initialize 'I' to the first
element }

if (Error 0) then
repeat
NamREI] := Chr(Mnem[Seg(DTA):Ofs(DTA)+29+I]2);
I := I + 1;
until not (NamR[I-1] in ' '.. ' o' ) or (I>20)

NamRO]: Chr(I-I); { set string length because
assigning }

{ by element does rot
set length}

while (Error = 0) do
beg i n

Error := 0 ;
Reqs.AX - $4FOO; { Furct :,r, used tc -get

n'ext -

:Xs. 7= - Set the fi :ot :i
-MSDos( Regs ) ; { Call MSDos }
Error := Regs. AX and $FF; { get the Error return }
I := ;
repeat

NamR[I] := Chr(Mern[Seg(DTA):Ofs(DTA)+29+If)
I I + 1;

.uritil riot (NariR[I-l] ir C' '..' ' ] ) or (I > 20)
NamR0 := Chr(I-1)
if (Err-r 0) THEN
WriteLn( ' ', NariR)

i end

END

INCLUDE FILE FILES

PROCEDURE OPENFILE ( var prname :name

BEGIN
assign ( probleriffile , prnare
rewrite ( problenifile
with problerna do
begin

namel := prname
numofalternatives :0
numofusers 0
levels 0
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f i1lichar (levell,sizeof(levell),0)
filichar ( 1eve 12, s iz eo f 1eve l") ,0);
filichar (lIeve13,s i zecn f Ieve3) 0Z);
f il11char (I eve 14, s ize.f (Ieve 14) , ZO)
fi 11 ch ar ( I e'e 13, s i Zeof ( Ileve i5) ,10);

filichar (leve171sizecof(1eve17),.

END;ha (suleve,sizec'flevelevel0) O

% wrte (pr-cblerifile ,prciblema

close (problerifi le

PROEDREOPENSOLUTIONFILE Cvar pruser nrl

B~EGIN

i--r it e 3:1 1-t i c_1inf i 12 e r~~

with sc'luti:'ra doi
beg in

ahp. NLMICftries 0
el1ect re.N LIAc'ft r ies 0
nurii'falterriat ives 0
runic'1fcriteria 0

i-serrarie
t.ser id'
f i1ch ar(a 1t errat ives, s i e-:f (a 1t arnat ives) 0)
fill1 char, (nc'rmsvect cr 1, s i zec:f (r.rmvect, cr 1.) ,0)
electr-e.Stati-ts -false
f ill char (electre. Outrank irig

sizeof (electre. Outrak iri))

eZri t e so1 't i.rf il e ,sc 1 ut i na
c1,--s e (sci 't i.nfi 12

END

ROCEDURE OPENNOPMFILZ var icrrame im

BEGIN
Ss s i g r ( nrr mf i 12 e , i.rcrrra rie

rewrite ( rc'rmfile
with norma do:

I - begin
nrffusers 0
riic::d i f yt i fies 0
last t ime 0

o'.AgregAt ion false
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nai false
specialized false
broadcasting false
rood ify, false

- - i I Ichar ('isersiames * si zeo-f C Lsersn -ames) * 0)1
fillohar (specirndex,siz-eof(specinidex).0),;

-Cfilichar (usersids,sizeof('atsersids),0);
fillehar (weight ,sizeof(weight),0)
f i 1llchar (currentrname, s izeof (currentrname) , 0)
fillohar (agregat iorname, si zeof (agregat ioriame) , 0);

end ;
write (norrnf i 1le ,normoa

c lose ( normofil1e
END;

PROCEDURE OPENSPECEFILE (var pruser-3 name

BEGIN

-r'C ew -".it sr-L C ei1la
with soecfilel d c

r begin
rourcif users :=0
pfactor 0;
qfactor = 0
fi 1lehar (vecto::r1, sizect (vectc'rl ), 0)
fil1 char (vectorSi, siz-ec'-f (vectc'r-2) *0)

filI char (vect orS, s i :ec' f ( vecto) 0)
1>1 ichar (vectocr4, sa, zeof (vectc'r,4) 0 7)
f i 1 IChar (vectorS5, si Z Lecf (vectc') *

filichar (vector6, s izecf(vectc-,r'r60)
f i 1 ichar (vector-7, sizecif (vectc'r7) , 0)
fil1 char (rormivect cr2, s i Zecif ( ncrmvect or-2) 0)
ft 1 1char C nic'rmvect cr1 s i !ec' f Ccrneto )*0);
F i1char Cnrir nd ex , Ei z2Cf ,ln'r'l,fnd8X a 0)
-Fillo ch ar (alIt ernat ives,;1=e: r~f (alt erna L ives) 'Z)

r, -Aar atar i x, sliZ':2f Calo bat r i x 0)

fi1 1 1lchar (q rad in g, 31 z 2.:t Cgrad iru)n ',
Ac- ri'.ri'fctitaria := 0

nriic'fa31 erwat ives 0
a :=a I to 3 dc,

beg in

sc'-lvedlaJ : false
Finialindex~aj false
finalirdexl~aJ false

end
cco mplIet ed :=false

completedall :=false

ahp.statu-s :=false
Fillchar( ah p. aIt v ec t r1 s iz e f(a hp. al1tv e ctrl 10
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ahp. nur,,-ftries := 0
electre.status := false

V' electre.nurnoftries := 0

I! , lchar(el1ect re.z outrankirig, si zeof (e Iectre, out ranki rig) 0)

-- End
write ( specfile , specfilel

close ( specfile
END

INCLUDE FILE UTILITIES

PPOCEDURE DISKDATA

BEGIN.-2_ eat

<_xt back rouro d blue
clrscr

I "  window (41, 1,80, 12)

textback ground ( blue
clrscr

w ind ow (1, 13, 80, 23)
textbackgr:,urd ( 14

, clIrscr ;

.-. ?. w~irdozw ( 1,22-4, 80, 25) ;

textbackgr, urid ( white
clrscr
textcolor ( black )

A rite ( strirg128 )
f .got:xy(2,)-')

write ( ' files related to the prc blernl

, wind:.w (1, 1.40, 12)
textbackgrourd ( blue
" extc,:icr ( white
SC, toxv ( 2, 2)
write ( ' names of pr, blems
dirlista

window (41,1,80,12)
textbackgr:,uo nd ( blue
textcolor ( white
gotoxy ( 2, 2)
wr i t e n ' ramjes o2,f n,:rra '
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dirlist

window (1, 13, 80, 23)
textbackP.gr,-urd ( 14

,.-" textcolor ( black ) ;

gotoxy ( 3,2)
write('d,:, you want to see a predefined r:r1 (v

Xl := 56 ; yl -= 2

identify ( answer,xl,yI
if answer = 'y' then
begin

xl := 3 ;yl :=3;
rorrmse 1 ect i on (x , y 1
dispiay:,rrai

end
until answer = ' '

cIrscr
r'2-=eat

wind,--w 1 .(4 , , , 12)
," ~ta>t bac!<grc, rd: :

b:': c! rscr

textbackground ( blue
clrscr

window (1, 1 -3, 80, 33

text bac! grc.Aurd
CI. r'3Cr

-jir di:w ( , 94. ,1. PT
textbackgr:,urd i t,-?
clr'scr
text c:,1 I -r-

-',; :,:,:,K / ' , -

- .* -
4

"

*- d't - : . ,' .,-'
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dirlist
window (1,13,80",23) ;
textbackground ( 14 )
textcolor ( black
g., toxy ( 3, 2)
write (' do you want to see a p'-edefiined problerm y/r) ?' ;
X1 := 56 ; yl := 2 ;
identify ( answer,xl,yl

if answer = y' then
beg i n

gotoxy ( 3,3)
repeat

cIreol
write ( ' riame of problem '

Read ( answer ) ;
answer stupcase ( answer
answer = concat ( answer,. ' * 'r'2fI)

until t answer

r-eadrbi1 rn i e2

window (1,1,80,7

textbackground ( blue

clrscr
textcolor ( white
got oxy (2, 1) ;
write ( 'name of problem ' prob lerm. Namel
gotcxy ( 2,2 ) ;
write ( ' alternatives
f,-,r a = 1 to pr,-,blenm. Numcfalterriati ves do
begin

gotoxy ( 2, a+2
write ( problem.Alternatives~a]

end ;

window ( 1,8,80,25

text background C blue )
clrscr ;
gotoxy (2, 1)
write ( 'criteria I )

display ( problem
gotoxy C 2, 17
textcolcr ( red
write ( 'hit any key to continue
read ( kbd ,ch
textcolor ( white

end ;

until answer = 'n'

END;
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PROCEDURE DISKSTATUS

BEGIN
diskdata

END ;

PROCEDURE READ1
BEGIN

repeat
gotoxy ( 2,2)
cire,,l
write (' the name ,-,f the problem ?
Read ( answer ) ;
specname := concat ( answer, ' .Spc'
delete ( answer ,8, length( answer)
orrame = corcat ( answer, ' Def'
)rcb 1 r a me : rnswer :

". .:r ±i! exist ( Drrare ) ;

END

PROCEDURE READ2
"..- BEGIN

repeat
gotoxy ( 2,4)

c i relI
write 0 the name of the norrn ?
Read ( answer ) ;

delete ( answer , 8, length ( answer )
answer stupcase ( answer
rorrnrarne c-rcat ( answer, ' Gr' )

urtil exist (normname
END

PROCEDURE READ3
BEGIN

gotoxy ( 2,6 )
write ( ' your name ?
Error false

r e p eea t
gc. toxy ( 16, 6)
cIrec, l
read ( namex

" ramex stupcase (ramex
for a 1 I to rorm. Numofusers do

•~ .begin
if namex = rorrn. Usersnames Cal ther,

error = true
end
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until1 ( error

b =b + 1
unt il ( riarex n-r,rri. Usersrremes EbJ

- str (b, inte);
answer =concat ( ' , Narnex
pruser concat ( pro bi1namne, answer)
pruser3 concat ( prc'-blnarjne,'. spc')

END;

PROCEDURE READ4
BEG IN

gcntoxy (2. 8

:rri i t e ida. -

L~ I;'

idx :=stupcase (idx
norri.Usersids~b] idx

* end
-> else

begin
-. repeat

g to xy I S~. 8
c lreol

read (idx)
idx stupcase i dx

rV 'unt il idx =norm. Usersjds~b]

END;

PROCEDURE READ5
BEGIN

write (I the method that ycou went to use2

Repeat
gotoxy C49, 10)
cireolI
reed (rnethodx
methrodx :=stupcase ( methodx

until1 ( ( rnethodx = ' ahpl ) or ( methodx I electre'
or, C ethodx = direct'

END;
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* PROCEDURE DATA
BEGIN

window (1, 24, 80, 25)
textbackgr.:ound (white)
textcolor ( black

gotoxy( 2, 1)
clreol
write ( string128 ) ;
gotoxy (2, 2) ;
write ( string129 );
window ( 1,13,880,23)
textbackground ( 14
clrscr
readl
read2
readn:rrilfi le
read3;

END

INCLUDE FILE PROCED

FUNCTION STUPCASE (st : name ) name ;
VAR

I : integer
BEGIN

For I := 1 to length (st) do
st[i] := upcase(st[i])

stupcase := st
END

FUNCTION EXIST (filename name ) boolean;
VAR

fil : file
BEGIN

assign ( fil , filerarme

reset ( fil
% "{$i+4}

- exist : ( result 0
END;

PROCEDURE WAIT :
BEGIN
gotoxy (50, 24); write( 'hit any key to continue

* read(kbd,ch)
END
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PROCEDURE CLEARI ( var problem : casel ) ;
BEG IN

for a :=1 to 5 do
problem. Levell Cl~

END -

PROCEDURE CLEARSCREEN (var line : integer
BEGIN

if line = 19 then
begin

gotoxy(1,4)
for e := 1 to 10 do

delline
line := 9

end
END ;

PROCEDURE CL§)R ( vat matrix2:' lavel )
BEGIN

% F,:, r 1 ir:e : 1 to 5 dc-D
begin

fo r a 1 to 5 do
matrix2[line,a]

end
END

PROCEDURE CONVERT (var answer2 : ask -var w, dl : integer
BEGIN

if ( answer2Ew] 0 11 ) and ( answer-21wJ ( '0

and ( answer2[w] (> '3' ) and ( answer2[w] '')
and ( answer2[w3 (> '5'

then
dl := 0

case answer2Ew] )f
'1' : dl : 1
'' : dl := 2
'3': dl :3;
'4': dl :4;
'5': dl :=5

end
END;

-.. PROCEDURE IDENTIFY ( vat answer : name ; vat- x..

integer ) ; BEGIN
repeat

gotoxy (xl, yl)
clreol ;
read ( answer
answer := stupcase ( answer

until ( ( answer = y' ) or ( answer = 'n'

END
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PROCEDURE CHECKNUMBER (var answer :name
var x1i, y1 l imit :integer
var coLurt : real

BEGIN
repeat

gotoxy x( xlyl)
ci1rerol

read (answer);
val ( answer, count 3, code 1)

Lint ii (ccdel =0) and (count3 <= limit) arid (count 3 > = 0))
END;

PROCEDURE SORTI( var norrnvectorl vectorg
var norrmvect cr2 :vectorg
vat, n filOfor it eria a irnte ger

BEGIN

coutnt :=0
f or a I to nauri'Fcr it er ia do
beg i r,

if nrmarvecto~r2 [a) ( normvector2 [a-i-i then
begin

-' exchanige2Ea] : normvectc'r2[aJ
r:.:rriivector [a] := normvector-2 a-i-i
nrm.ravector2[a+13 := exchange2Ea]
exchangel [a] := corravectorJ.La]
rs-orrnvector 1 a] := norrmvect or 1 [a-i-1I i
nrm'r~vector1 [a+1] : exchanqel [a]
couint =count + 1

end
end ;

Lint i 1 count 0
END;

PROCEDURE WRITENORMFILE
BEGIN

ass ign n.:rnf ile n rorm~narae
reset (rormifi le
norria norm;
write (naorm~f iie rir-irma
close (naorrmfi le

END;

PROCEDURE WRITEPROBLEMFILE_
BEGIN

assign Cprc'blem~file ,prnrme
reset (problerafile
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N.problema problemI
write ( prc'blertifi le, problertia
clo:se ( problenifile

END

PROCEDURE READPROEILEMFILE;
BEGIN

assign (problernfile ,prriame

reset (problemfile

read (problemfi le ,problena);

pro:bl1em := pr':blIersa
close ( prc'blerifile

END;

CC'~R~ ~~DNCMRT7
BEGIN

ass i tr *:rmf i 1 1? * v-rnrare )

read ( rmrrifile n r,qrla
ricirri nrmna
close ( rorrfile

END;

PROCEDURE READSOLUTIONFILE
BEGIN

assignr: sc' 1ut icrfi le ,pruser

raset (s'1lut iorf i le
read sol ut iorf ile ,sol ut icra
solut1itn ic:= sol1ut iona
close ( so1.lut icrfi le

END

PROCEDOURE REiDEPECFILE
BEGIN

assign ( specfile ,pruset-3)

reset ( specfile
read ( specfile ,specfilel )
specfile2 := specfilel
close ( pecfile

END
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PROCEDURE WRITESOLUTIONFILE
BEGIN

assign~ sc'lutionrfile ,pruser

reset Csrc uticrnfi1e

sc' 1ut i c'a :=S' s lut i.:
write (sc'lu-t i':'nfi le,ScIlut icina
close ( solutiorifile

END;

PROCEDURE WRITESPECFILE
BEGIN

assign~ ( specfile ,pruser3

reset ( specfile
specfilel := specfile2
write (specfile~3Ioecfilal

* -'cloise ( oecfi1

END
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qP APPENDIX B

FIGURES OF SCENARIO 1

E OF THE ROUP NORM I select frigates

1. IDENTIFICATION OF GROUP ,EMBERS
1.1 Number of Group Members (M4AX3) 3

- Name of Member # I ? useri
- Name of Member # 2 ? user2
- Name of Member # 3 ? user3

1.2 ID of ember Al ? xl
G2. ROUP DECISION TECHNIGUES

2.1 Weiahted .aiority Rule
-EGUAL Weights (Yi )

I"2.2 Collective Evaluation Mode
Choose one of the two modes:
(1) Each group member will evaluate alternatives

according to all criteria

(2) Each group member will evaluate only alternatives
according to his exclusive area of expertise

Enter selection ? 2
The name of the problem ? ships
- Name of user for criteria WEAPONS useri

" - Name of user for criteria ELECTRONICS user2
- Name of user for criteria ENGINE user3
- Name of user for criteria ECONOMICAL user3

2.3 Automatic Selection of Techniques of
Aggregation of Preference (YIN) ? y

I 2.3 Automatic Computation of NAI (YIN) y
3. INFORMATION EXCHANGE

3.1 Broadcasting of individual outputs (YIN) ? y
3.2 Permission to Modify Individual Analyses

AFTER Group analyses (Y/N) ? y

3.2.1 How Many Times (MAX 10 ) ? 9
3.3 Time Limit to Submit Individuals Results

-. "3 3.1 How Many Days (MAX 14 ? 7

3.3.2 Hours ( I: to 4:00 ? 13:00

STEP 2 : GROUP NORM DEFINITION

iFigure 4. Grosup Ncrrn Defirition
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NAEOF PROBLEM SHIPS

ENTER TIE ALERNATIVES 1. type 1
2. type 2
3. type 3
4. q

ENTER THE CRITERIA
1. weapons

1.1 air-crafts
1.2 guns
1.3 missiles

1.3.1 ssm

1.,4 a/s weaoons
2.electronics

.I -radar
2.1.1 surveillance

* ~-2.1.2 fire control
2.1.3 navigation

2.2 sonar
3. engine

3.1 performance
3.2 raintance

4. cost related
4. 1 technical support
4.2 life cycle
4.3 cost of operation

4.4 cost
4.5 3

STEP 1 X.LTIPLE CRITERIA GROUP PROBLEM zEFINIT1ON
Definition of criteria 4 )st level 2hnd level 3)nd level 9)uit

Figutre 5. Step 1 Group Procblemn Def iriit ic-r

4.n A.
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%WS OF PROBLEMS: IANS OF 4ORM

SHIPS. IEF NORNSH.GN

THE WME OF TH E :0CBLE) Z sz

7-iE NAME OF TNE NIORM 1 norash

. 'YOUR N ME ? userl

YOUR ID ? xl

HE METHOD THAT YOU WANT TO USE 2 ahp

STEP 3 : PRIORITIZATION OF EVALUATION CRITERIA

Identification of the problem Methods AHP or DIRECT

i e E User I r, 71c, bl er I ni t i at in
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PAIRWISE COMARISON PRIORITY VECTOR

WEAPO ELECT EN6IN ECONO
WPO 1.20 2.00 2.50 WEAONS 0.36
ELECT 8.83 1.95 2.40 ELECTRONICS 0.35
EN6IN 0.50 0.51 1.90 ENGINE 0.183
ECONO 0.40 0.42 0.53 ECONOMICAL 3.146

LMDA X= .

RANEOMIZE :TEX = 3.. j
CNSISTENCY . TIJ 3 1.

WEA ELE ENG ECO

3.37 0.30 0.18 0.14
DO YOU WANT TO MODIFY THE EVALUQTION OF THE CRITERIA (YN)

,STEP 3 PRIORITIZATION OF EVALUATION CRITERIA

Method :AP

Fi gire 7. User 1 / Priri t izat 1 ,r ,f E
at the Fi'-3 L_?., , .

.' I

• .. . ...I. . ... , .. .. . -. -. . -. " , .
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PAIRWISE COMPARISON PRIORITY VECTOR

AIR-C GM MISSI A/S W
AIR-C 1.73 1.28 1.28 AIR-CRAFTS 0.307
OWN 0.59 056 0.59 Sm 0.181
MSSI 0.83 1.80 1.1 MISSILES 0.256
A/S W 0. 83 1.78 0.91 A/S WEA W 0.256

LqMDA MAX = 4. 31
CCNSISTENCY INDEX = 0. .
RANDOMIZED INDEX = 0.6]CONSISTENCY RATIO = .00,

AIR MIS A/S GW
8.30 0.25 0.25 0.18

DO YOU WANIT TO MODIFY THE EVALUIATION OF THE CRITERIA (Y/N)?

SSTEP 3 : PRIORITIZATIO OF EVXLUATION CRITERIA
Method :

Figure 8. User I Prioritization of Evaluation Criteriaat Level 2 For Criteria 1. 1 to 1.4
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PAIRIISE COMPARISON PRIORITY VECTOR

SSM SAN
SSN 1.39 sSM 0.435
SAN 0.77 SN@S

&.43 0.56

HIT ANY KEY TO CONTINUE

" STEP 3 :PRIORITIZATION OF EVLUA&TION CITEIRIA

, Direct input of criteria weights

-I'l

..w ... .

Figure 9. User 1 /Pri':.riti±zat ior o:f Evali-tat ior Criteria
at Level 3 for Criteria 1.3.1 arid 1.3. 2

°4,1
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PRIORITY VECTOR

EECTRONICS 6.4W
ENGlNE 9.130
ECONOMICAL 0. 070

WER ELE ENG ECM
.40 0.40 .13 8.07

DO YOU WANT TO MODIFY THE EVALUATION OF THE CRITERIA (Y/N) ?

STEP 3 PRIORITIZATION OF EVALUATION CRITERIA
Direct input of criteria weights

Figure 10. User 2 / Pricrit i zat io:r, ,nf Eva luat ir, Criteria
f,-r Level 1

itl
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PRIORITY VECTOR

SSONAR 6.S16

0.5

lii

RD SON'
L.50 8.56

DO YOU W~qNT TO MODIFY THE EVALUATION OF THE CRITERIA (YIN)?

STEP 3 PRIORITIZATION OF EVALUATION CRITERIA
Oirect input of criteria weights

Figure It. User 2 / Prioritization ,:if Evaluaticr Criteria at
Level 2 for Criteria 2. i and 2.
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PRIORITY VECTOR

SURYEILLIE 8. 8
FIE CONTROL . L4

NAVIGATION 0. 21

SUR FIR NA

DO YOU WANT TO MODIFY THE EVALUATION OF THE CRITERIA (Y/N) ?

STEP 3 PRIORITIZATION OF EL.ALTION CRITERIA
*.. Direct input of criteria weights

Figu-re 12. User 2 / Prioritization of Evaluatior, Criteria
at Level 3 for Criteria 2.1.1 to 72.1.3
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PRIORITY VECTOR

EAPON L5N
ELECTRONICS .350
ENGINE 9. in
ECONOMICAL .A5

Sf

WEA ELE ENS ECO
0 .59 L35 0.19 8.05

DO YOU WANT TO MOIFY THE EVALUATION OF THE CRITERIA (Y/N) ?
II

STEP 3 - PRIORITIZATION OF EVALUATION CRITERIA
Direct input of criteria weights

Figure 13. User 3 / Prioritizatior of Evaluation Criteria
at Level 1
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PRIORITY VECTOR

-- AINTAMM IL 650

MUNI PER

0.60 0.40

DO YOU WANT MO MIFY THE EVALUATION OF TIE CRITERIA (Y/N)

", STEP 3 :PRIORITIZATION OF EVALUATION CRITERIA
" Direct input of criteria weights

[H

Figu-re 14. User 3 /P'rio-7jitizatic, ri :if Eval,.tatic, ri Criteria At

Level 2: fo~r Criteria 3. 1 arid.-'

i" 198 ..
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9

PRIORITY VECTOR

TEDHNICAL SUPPORT 0.4N
LIFE CYCLE 0. IN
COST OF OPERATION 0.400
COST 9.100

.p 

TEC LIF CBS COS
9.40 0.10 0.40 0.18

WA YOU WANT TO MODIFY THE EV.LITION OF THE CRITERIA (Y/N) 7

STEP 3 : PRIORITIZATION OF EVALUIATION CRITERIA
Direct input of criteria weights

Figure 15. User 3 / Pric'ritizatin cf Evaluation Criteria at
Level 2 f,:,r Criteria 4. 1 T,: 4.4
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THE FINAL CRITERIA (15) AND THEIR WEIGHTS ARE
1. SawR : 0.19 12. TECHNICAL SUPPORT : 0.03
2. AIR-CRAFTS : 6,13 13, COST OF OPERATION : 0.03
3. A/S WEAPONS : 0.11 14. LIFE CYCLE : 0.61
4. MINT#ANCE : 0.08 15. COST : 0.1
5. GINS .0.68
6. SURVEILLANCE 0.08
7. FIRE CONTROL 0.08
8. SAN 0.6
9. PERFORVICE 6.05
10. SSM 0.35
II. NAVIGATION 3.24

DO YOU WANT TO REDUCE THE NIJBER OF THE CRITERIA (Y/N) ? Y

S"STEP 3: PRIORITIZATION OF EVALUATION CRITERIA
Determine the number of the criteria

Figure 16. Fi-nal Weights :-f Evaluatic-ri Criteria
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THE FINL CRITERIA (5) AND THEIR WEIGHTS ARE
1. SOwR • 6.32
2. AIR-CIAFTS : 0.22
3. A/S WEAIPOS 6.19
4. MINTCE 6 6.13
5. 6UNS 0.13

DO YOU WANT TO CHAGE THE NLUER OF THE CRITERIA (YIN) ? N

STEP 3 : PRIORITIZATION OF EVALUATION CRITERIA
Determine the number of the criteria

Figure 17. The Reduced Set ,of Criteria

.-
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PAIRWISE COMARISON PRIORITY VECTOR

-,-"TYPI TYPe TYP3
TPI 1.18 1.29 TYPE 1 8.365
TYPe 0.91 1.10 TYPE 2 8.331
TYP3 8.83 8.91 TYPE 3 0.394

I*LJMtA IMAX = 3. 3

CVNSISTENCY INDEX=0.0
RANDOMIZED INDEX = 0.58
CONSISTENCY RATIO =8.08

-~ TYPI TYP2 TYP3
8.36 0.33 0.38 DO YOU WANT TO MODIFY THE DATA (Y/N) ? N

STEP 4 INDIVIDUAL EVALUATION OF ALTERNATIVES
Evaluation of alternatives According to Criterion SONAR HP

L J

S Fiqu-ire 18. User, 2 / Evaluat ion o f the Alternat ives Accordir, g
to Criteria Sonar (AHP)

-42...".
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PAIRIISE COMPARISON PRIORITY VECTOR

TYP1 TYP2 TYP3
TYPI 1.20 8.83 TYPI 0.338
TYP2 8.83 0.77 TYP2 0.275
TYP3 1.28 1.30 TYP3 0.396

LA14jDA MAX= .3
CONSISTENCY INDEX = 0. 00
RANDOMIZED INDEX = 0.58

CONSISTENCY RATIO =8.,88

TY1 TY2 TY3
0.40 8.33 8.27 DO YOU WANT TO MODIFY THE DATA (Y/N) ?

STEP 4 INDIVIDAL EVALUATION OF ALTERNATIVES
Evaluation of Alternatives According to Criterion AIR-CRAFTS AM

Fig uire 19. User 1 / Eva 1 -tat ic, cif Al t err;at i ves Acccrd i rig t
Criteric,r, Air-Crafts (AHP)
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PAIRWISE COPARISON PRIORITY VECTOR

TYPE TYPE TYPE
TYPE 6.91 I.91 TYPE 123 8.313
TYPE 1.10 . TYPE 234 8.344
TYPE 1.18 1.00 TYPE 1.2.3 0.344

• ., LANDA MAX = 3. 30

CONSISTENCY INDEX = -@.M
RANDOMIZED INDEX = 0.58
CONSISTENCY RATIO = -0.00

TYP TYP TYP
0.34 0.34 0.31 DO YOU WANT TO MODIFY THE DATA (Y/N)?

STEP.4: INDIVIDUAL EVALUTION OF ALTERNATIVES
Evaluation of Alternatives According to criterion GUNS

Figure 20. User 1 / Evaluatir, of Alterriatives According to
Criteria Gurs (AHP)
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ALTEIUEVAULATION : WORKING AREA PRIORITY VECTOR

TYPi TyPe TYP3
SON 6.0 8. 7.80 TYPI 8.29
AIR TYP2 0.38
A/S rYP3 8.33
GN

-~ I

"YPI TYP2 1YP3
0.29 0.38 0.33 Do you want to modify the weights (Y/N) '

STEP 4 : INDIVIUAL EVALLATION OF ALTERNATIVES
Direct input

Figure 21. User 2 / Evaluat i,,n ,f alternatives Acc,rdinq to-
Criteriorn Sonar (DIRECT)

.
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. ERN.EVIiVLUAITION : WORKING AREA PRIORITY VECTOR

TYPI TYP2 TYP3
SON TYPI 6.36
AIR TYP2 8.32
A/S TYP3 3.32
MI 8. M 7.30 7. H
Sim

TYP TYP TYP
9.36 0.32 8.32 Do you want to modify the weights (Y/N)

STEP 4 :INDIVIDAL EVALLLTION OF ALTERNATIVES
Direct input

,. .

Figu-re "2. User I / Evaluation of alterriatives Acc,:rdirg to
Criterion Maintance (DIRECT)

0 6
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FINAL SOLUTION

4..7

TYPI TYPe. YP3

.33 .32 &,34

HIT ANY KEY TO CONTINUE

STEP 6 : COPUTATION OF GROUP DECISION
Final Result ( f4 I - Spevializes uode

Figure 23. Final Group Solution of the Problem
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APPENDIX C
FIGURES FOR SCENARIO 2

NAME OF THE IOIP NOM ? selectl

t. IDENTIFICATION OF GM MEIERS
1.1 Number of Group Members (AX 3) ? 3

- Name of ember #1 7 useri
- Nameof Number #2 ? user2
- Nameof Member #3 ? user3

1.2 ID of Member USERI I xl
2. GROLP DECISION TECHNIQUES

2.1 Weighted ,ajority Rule
- EMuAL Weights (YIN) n

- WEIGHT for USERI ? 3
- WEIGHT for USER2 ? 3
- WIGHT for USER3 ? 4

2.2 Collective Evaluation Mode
- Choose one of the following modes

-- (1) Each group membe will evaluate alternatives
according to all criteria

(2) Each group member will evaluate only criteria
according to his exclusive area of his expertise

Enter a number ? I
2.3 Automatic Selection of Techniques of

Aggregation of Preference (Y/N) 7 y
2.4 Automatic Computation of NI (Y/N) ? y

3. INFORMATION EXCHIGE
3.1 Broadcasting of individual outputs (YIN) ? y
3.2 Permission to Modify Individual Analyses

AFTER Groun analyses (YIN) I y
3.2.1 How Many Times (IX 10 ) 4

3.3 Tine Limit to Submit Individuals Results
3.3.1 How Many Days (MAX 14 ) 7 7
3.3.2 Hours ( I:N to 24: ) ' 12:W

STEP 2 : GROUP NOR DEFINITION

Figure 24. Group Norm Definition
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WE OF PROBLM SHIPS

ENTER THE ALTERNATIVES 1. type 1
2. type 2

3. type 3
4. q

ENTER THE CRITERIA
1. weapons
2. electronics
3. engine
4. cost related
5q

STEP 1: ULTIPLE CRITERIA RUP PROLE14 DEFINITION
I Definition of criteria * )st level 2)rnd level 3)nd level Q)uit

, Figure 25. 1 Group Przoblem Definiticr

.20
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SHIPS.E: NORNSH.G N
SELECT. DEF SELECTI.GN

TIC AME OF THE PROBLEM ? select

THE %* OF THE NORM ? selectl

YOUR NME ? userl

YOUR ID? xl

THE METHOD TIAT YOU WA TO USE ? aho

STEP 3 : PRIORITIZATION OF EVLLIATION CRITERIA
Identification of the problem Methods ANP or DIRECT

Figure '26. User 1 / Prblern Iritiaticon

p.
p.
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PAIRWISE COMPAfRISON PRIORITY VECTOR

WEWO ELECT ENGIN COST
WEPo 1.* 1.68 1.90 WEWPOW I.317
ELECT 1.U 1.68 1.96 ELECTRONICS I,317
EN6IN L63 IL63 1.40 EN6INE 0.198
COST 6.53 I,53 6.71 COST RELATED 8.167

LIMBDA MAX = 4. 31
C".SISTENCY INDEX = &.
RANdDOMIZED INDEX = 0.
CONSISTENCY RATIO = 0.30

WEA ELE ENS COS
.32 .32 9.209 .17

00 YOU WW TO JOMIFY THE E!UA TION OF THE CRITRIA (YIMl 1

STEP 3 : PRIORITIZATION OF EVfLLATION CRITERIA

Method : RP

Figure 27. User 1 / Pri,-,ritization of Evaluatior, Criteria kAHP)
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THE FINAL CRITrRIA (4) AND THEIR WEIGHTS AE

1. WAE :I.32
2. ELECTRONlr : 6.32
I ENGINE :6IL23
4. COST REAME : .17

.4'-

A

YOU H TWO METHODS:

1. DEFINE THE MIIDER OF THE CRITERIA THAT YOU WANT TO USE
2. DFINE THE SUM ( % ) TiHAT YOU WISH

METHOD THAT YOUJ WISH (1 DR 2)'

.. STP 3 : PRIOITIZATION OF EVALUATION CRITERIA
Determine the number of the criteria

Figure 28. User I / Final Weights of Evaluation Criteria

.•

.%

'S. N li
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4-.r 7!J I

THE FINAL CRITERIA ( 3) A THEIR WEIGHTS ARE
1. WEAPONS 6.38
2. ELECTRONICS :0.38
3. ENINE :I.24

I DO YOI WANT TO CHANGE THE VINDR OF THE CRITERIA (YIN)?

.'

- STEP 3 t PRIORITIZATIOM OF EVALATIOM CRITERIA
Determine the number of the criteria

- .
'p

FIGURE 29. USER 1 / THE REDUCED SET OF CRITERIA
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4.

,LTERN.EVALUATION WORKIN AREA PRIORITY VECTOR

*-1'TYP TYP TYP
WEA 9.96 7.N6 9.N6 TYPE 1 0.32
ELi 9.0 9.0 7.N TP e2 0.32
ENS 8.00 8.96 9.96 TYPE 3 0.36

TYP TYP TYP
* f .32 8.32 0.36 Do you want to modify the weights (Y/N)

-4-.Method used Direct Input

,4?i

Fig,-re 30. User 1 /Iridividial Evalluaticiri :if Altern~atives Usiriq
4.ooDirect rwoihde

r.2 a14
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FINL SOLUTION

"-C

4,.-.:

r.'

.-

WIL]
TYP TVP TrP

S8@.3A 8.33 8.33

HIT ANdY KEY TO CIJNTINLE

STEP 4 INDIVIDUA EVALUIATION OF ALTEWtITIVES
Final Result

Figu-re 31. Soli.tionr of User 1 (With Direct Mode

2- 15

S-. . . ... -..-- - .- - - - • -. . ".. - . . "..C. .--.* ". " *.,+-" *- s. +."-,-. - --** ". ".. -. '- . . -. '.",, .-



" ALTERN.EVALIJATION WORKIN6 AREA GRADIN6 SCALE

WEA ELE EN6 WEA ELE ENS
TYP 32 36 18 Weig.: 38 38 24
TYP 28 36 21
TYP 31 31 16 Exce 38 38 24

Good 29 29 18
.- Aver 19 19 12

Fair 18 10 6

Weak 9 0 8
P= 55. N* % 55.0 %

1. CONCORDANCE MTRIX
2. DISCORDACE MATRIX
3. OUTRAN(ING MTRIX
4. MODIFY THRESHOLDS
5. EXIT ELECTRE

SELECTION (1-5) 1

- STEP 4 : EVALLATION OF ALTERNATIVES

Method used ELECTRE

Figure 32. User 1 / Evall'uatic, of Alternatives Using Electre

J2 .
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CON1CORDANCE MATRIX **A Concordance index indicates to
TYP TYP TYP I what extent an option is better than

TYP - 76 62 2 another in terms of criteria weights
TYP 62 - 24 1 1*The index varies between C @- 10 1
TIP 38 76 - I the higher the better.

4 indexesare) 55

ii Column I indicates the # of indexes
satisfying P for each option

DISCORDANCE MATRIX ** A Discordance index indicates to
TYP TYP TYP #I what extent an ootion contains a bad

TYP - 3 3 2 element that i akes it n-satisfactrv
-.(p 6? - 3 2 * The index varies between 1 0- :00
_TYP 3 - 2 the lower tne better.

6 indexes are ( 55.0
H '4 Column #I indicates the # of indexes

I satisfying P for each option

OUTRAKING MATRIX ** An Outranking relation is the
TIYP TYP TYP one that satisfies both concordance

TP - 4 * and discordance requirements.
TYP + - -* C An - indicates thatthere is
TYP - TI -no outranking relations.

STEP 4 EVALLATION OF ALTERNATIVES
Method used ELECTRE

. igure 33. User I / Ccriccrdarice, Disccrdanrce, Outrarkiqn Marx

2 17
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i1

ALTERN.EV L.IATION : WORING AREA PRIORITY VECTOR

TYP TYP TYP
WA 7.80 5.00 6.M8 TYPE 1 8.38

ELE 7.6 68.8 5.88 TYPE 2 0.39
E6N 7.689.87.6 TYPE 3 I.38

-.

'II

TYP TYP TYP
-. 40.38 0.39 0.38 Do you want to modify the weights (YIN)

STEP 4 INDIVIDAL EVAUATION OF ALTENTIVES
Method used :Direct input

Figure 34. User2 / Irdividual Evaluatiori cif Alterratives Using
Direct Mode
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FINAL SOLUTION

.,'-,

L L

T TYP TYP
L3 6.34 6.33

HIT ANY KEY TO COJNTNUE

STEP 4 : INIVIDUA. EVALUATION OF ALTEIATIVES
Final Result

Figure 35. Sclution of User 2 ( With Direct Mode
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PLTERN.EALUATION : WORKING AREA GRADING SCALE

WEA ELE E WEA ELE E
TYP 31 29 16 Ieig.-38 38 24
TYP 27 32 22

TYP3 25 17 Exce 38 38 24
, Good 29 29 18

Aver 19 19 12
Fair 18 19 6
Weak 8 9
P= 5.0 Q 55.0 %

1. CONCORDANCE MATRIX
2. DISCORD CE MTRIX
3. OUTRIK(ING MATRIX
4. MODIFY THRESHOLDS
5. EXIT ELECTRE

SELECTION (1-5) ?

Figure 36. User 2 E Evaluation of Alternatives Using Electre
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. CONCORDANCE MTRIX H A Concordance index indicates to
1W 1W TYP ICI what extent an option is better than

1W - 38 76 1 another in term of criteria weights
1WP 62 - 62 2 IaThe index varies betwee(- 1UI J I
TYP 24 38 - I the highe the better.

3 indexes are ) = 55
Colum ICI indicates the # of indexes

9." satisfying P for each option

DISCORDANCE MTRIX * A Discordance index indicates to
TYP TYP TYP #DI what extent an option contains a bad

TYP - 16 3 2 element that sakes it un-satisfactori
TYP 11 - 8 2 H The index varies between E J - 100

TYP 11 18 - 2 the lower the better.
6 indexes are ( 55..g

H Column ICI indicates the # of indexes
satisfying 9 for each option

OUTRAISN6 MATRIX H An Outranking relation * is the
TYP TYP TYP one that satisfies both concordance

TYP - - * and discordance requirements.

T * - * H An - indicates that there is

TYP - - - no outranking relations.

' HIT ANY KEY TO CONTINUE

STEP 4 : EVALUATION OF ALTERNATIVES
Method used : ELECTRE

Figure 37. User 2. / Corco:rdarce, Disc:,rdarce, Outranking Matri<

2214,-.
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TERm.EVLUATION WORING AREA PRIORITY VECTOR

TYP TYP TYP
IER 6.N TYPEI .27
ELE 7.N 9.0 4.N6 TYPE 2 6.41
ENS 6.N6 9.66 7.N TYPE 3 0.32

III

TYP TYP TYP
8.27 8.41 0.32 Do you want to modify the weights (Y/N) I

".STEP 4 :INDIVIDUAL EVALUATION OF ALTERNATIVES
Method used : Direct input

Figure 38. User 3 / Individual Evaluatiort of Alterriatives Usiig
Direct Mode
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-. FINLA S.UTION

mqmmm

TYP TYP TYP

L35 6.34 L.34

HIT ANY KEY TO CONTINUE

STEP 4 : IIVIDIKL EVALUATION OF ALTERNATIVES
Final Result

Figure 39. Solution of User 3 ( With Direct Mode

223
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ALTERN.EVALLATION WORKING AREA GRADING SCALE

WEA ELE ENG WEA ELE ENS
TYP 31 26 15 Weig.: 38 38 24
TYP 28 28 23
TYP32 25 17 Exce 38 38 24

6ood 29 29 18
Aver 19 19 12
Fair 1@ 10 6
Weak S 9 0
P =55. % 9 =55.8w

1. CONCORDINCE MTRIX
2. DISCORDANCE MATRIX
3. OUTRANKING NTRIX

->", 4. MN)IFY THRfESHOLDS
*5. EXIT ELECTRE

SELECTION (1-5) ?

•STEP 4 : EVALLIATION OF ALTERNATIVES
Method Used : ELECTRE

Figure 40. User 3 / Evaluation .:.f Alternatives Using Electre
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CONCORDANCE MTRIX " A Concordance index indicates to
1W TYP TYP 00 what extent an option is better than

TYP - 3B 3B I another in terms of criteria weights
TYP 62 - 62 2 " The index varies between I -IN I
1WP 62 38 - I the higher the better.

3 indexes are ) = 55

Colunw #CI indicates the # of indexes
satisfying P for each option

DISCORDCE MATRIX * A Discordance index indicates to
TYP TYP TYP #DI what extent an option contains a bad

TYP - 21 5 2 element that makes it un-satisfactory
TYP a - 11 2 ' The index varies between ( h - IN ]
TYP 3 16 - 2 the lower the better.

6 indexes are ( = 55.0
*4 Column #CI indicates the # of indexes

satisfying 0 for each option

""TRNIlNG MATRIX 4 An Outranking relation * is the
TYP TYP TW one that satisfies both concordance

YP - - - and discordance requirements.
TYP - * An - indicates that ther is
ITYP * - - no outranking relations.

HIT ANY KEY TO CONTINE

STEP 4 : INDIVIDIK EVALUATION OF ALTERNATIVES
Method used ELECIRE

Figure 41. User 3 / Corco:rdance, Discordarce, Outrar,kinq Matrix
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AL LT. CARDI AL RANKINGS ORDINAL RIN(ING GROW RESLTS

USERI USER2 USER3 USERI USER2 USER3 RI R2 R3 R4
-ig.:In In 4.11
TYP 1.01 1.01 1.35 2 2 2 TYP 6 1.13 1.12 3
TYP 1.96 1.96 1.41 1 1 1 TYP 3 1.17 1.16 6

- TYP 1.01 1.01 1.34 3 3 3 TYP 9 1.12 1.11 1

RI : SUN OF RANKS R3 : MULTIPLICATIVE RANKIN6
R2 : ADDITIVE RANIN6 R4 : SUN OF OUTRNKIN6 RELATIONS

HIT ANY KEY TO CONTIME

STEP 5 : COMUTATION OF GROUP DECISION
All the solutions have computed with lPf

Figure 42. Group Solutic'r, of the Probler,
(Solved with Direct Mode)

~226
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ALT. INDIVIDIXE RANKINGS ORDINAL RIAING GROP RESLLTS

USERI USEM GER3 USE USE USE R4 RI

T/. I 1 S 3 3 3 TWS 0
TYP 2 2 2 1 1 1 TYP 6 3
TYP I 1 1 2 2 2 TYP 3 6

*..4.,

RI : S OF RANS R3 : LTIPLICATIVE RANKING
R2 : ADDITIVE RA(ING R4 : SIN OF OUTR% NK(N RELATIONS

HIT ANY KEY TO CONTINUE

STEP 5 : COWUTATION OF GROUP DECISION
All the solutions have computed with ELECTRE

Figure 43. Group Solution of the Problema

--. (Solved with Electre Mode)
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